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CHAPTER  I 


SURVEY  OF  THE  LITERATURE 

Introduction 

A continuous  process  of  change  is  as  inherent  in  the 

school  curriculum  as  in  the  living  organism.  Since  science 

first  began  to  work  its  way  into  the  secondary  school 

urogram  it  has  been  undergo!  ig  a perpetual  metamor  ho sis. 

Changes  in  the  science  curriculum  have  been  very  often  hit 

or  miss,  or  even  accidental,  and  have  always  been  gradual* 

According  to  the  Thirty-First  Yearbook  Committee, ^ the  early 

programs  of  science  in  the  schools  were  much  under  the 

influence  of  a psychology  the  fundamental  conce  ts  of  which 

are  novj  obsolete.  The  philosophy  and  3Syehology  of  learning 

have  been  considerably  modified  and  modernized,  however,  the 

actual  course  content  of  the  school  pro  ram  still  retains 

far  too  many  "residuals”  of  questionable  value.  This  is- no 

less  true  for  the  sciences  than  for  the  other  subjects 

taught.  In  these  early  programs  the  high  school  cut  science 

^■A  Prorram  for  Teaching  Science.  Thirty-First  Yearbook 
of  the  National  Society  for  the  Study  of  Education, 

Part  I,  Bloomington,  Illinois:  Public  School  Publishing 

Co.,  1938.  pp.  4-5. 


2 


into  separate,  s ecialized  divisions  and  parcelled  out  these 

packages  of  organized  knowledge  (each  supposedly  complete  in 

it  self)  a year  at  a tir  e.  The  co  tinuing  influence  of  early 

theory  is  readily  in  evidence  in  our  public  schools  of  today. 

p 

In  A Pro  pram  for  f eacaing  Science. " a Committee  of  six 
nationally  known  leaders  in  the  field  of  science  teaching  at 
the  secondary-school  level  presented  in  1932  a report  of  the 
conditions  of  the  science  program  as  found  In  th'e  public 
schools.  The  Committee  also  made  suggestions  and  recommenda- 
tions for  improvement  in  the  course  of  study  in  science  for 
grades  I-XIV, 

It  is  the  suggestion  of  the  Committee  that  a mastery 
of  the  more  important  principles  of  science  ill  better  enable 
pupils  to  meet  situations  as  they  arise  u nder  the  varying 
conditions  encountered  while  in  school  and  also  after  leaving 
school.  It  is,  furthermore,  by  understanding  the  princi  les 
of  science  that  the  pupil  may  develop  a clear  "concept  of  the 
major  generalizations.1"  Downing,  speaking  for  the  Committee,' 
recommends  stating  the  knowledge  content  of  a course  in 
biology  in  terms  of  important  principles  of  biology  to  be 
mastered,  fie  further  maintains  the  advanta  e of  a unified 
course  in  biology  over  one  divided  between  botany  and  zoology, 

as  more  likely  to  emphasise  fundamental  principles, 

2Ibid, 

°Ibid. . p.  42, 

4Ibid, . p.  223, 
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An  Interesting  picture  of  the  position  of  science  in 
our  schools  in  1930,  fc  a jproxifii&tely  the  time  of  the 
recommendation  s of  the  Thirty-First  Yearbook  Co  ..lit 'ee,  can 

g 

be  gained  from  a stud;,  published  by  Curtis  in  1932.  Though 
the  schools  Investigated  were  in  the  Forth  Central  Association, 

there  is  no  reason  to  believe  conditio  s \ on Id  not  be 

comparable  for  similar  hi  lily  selected  secondary  schools 
elsewhere  in  the  co'.mtry.  It  was  reveal©-?  that  four  distinct 
courses,  of  science' (general  science,  biology,  physics,  id 
chemistry)  were  found  in  a majority  oC  the  scho  Is  studied. 

One  or  more  years  of  scienc  .as  require  for  graduation  in 
ail  opt  0.8  percent  of  the  schools.  About  two-thirds  of  the 

teachers  in  these  scho  Is  had  had  12  or  more  hours  of  education 

courses  as  preparation  for  their  position,  .eighty  te:  chers, 
or  less  than  2 percent  of  those  report In  nad  had  no  revirus 
sub  jcct-oiatter  preparation  in  any  science.  V ell  over  80 
percent  of  the  teachers  used  a single  textbook  or  a syllabus 
based  o.  a si  le  text.  ook.  litii  uch  c ub.  ous  professional 
preparation  on  the  part  of  the  ea'chers,  and  with  a single 
textbook  e-  ring  the  burden  of  c .dice  and  presentation  of 

material. in  an  overwhelming  number  of  c ses,  it  woul  seem 

^Francis  D.  Curtis,  "The  Teaching  of  Science  in  Second  r 
Schools  of  the  Forth  Central  Association,”  Forth  Cm  r- 1 

Association  C ih  r t-  rl  . 71  (harch,  19,,;.?),  4?  -474. 

Francis  D.  Curtis,  Third  i cat  or  I nv o s 1 1 gat i ons  i i 
the  Teacning  of  Science,  m.  2 '3- SIS.  Philadelphia: 

The  Bla  lsto  f"5o  pany,  1939. 
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that  the  set  ing  up  of  a committee  to  study  the  science 
program  and  to  make  recommendations  for  the  improvement  of 

i 

it  was  a highly  commendable  act  on  the  oart  of  the  'National 
* Society  for  the  Study  of  Education. 

Review  of  Important  Research  Studies  Pertaining  to 
Scientific  Principles  as  Objectives  in  Science 

Teaching 

To  gh  widespread  interest  in  scientific  principles  as 

educ-  tional  objectives  was  not  anifest  before  the 

publication  of  the  Thirty-First  Yearbook  in  1938,  there 

were  many  who  realised  the  importance  of  such  objectives 

and  some  attempt  had  been  made  to  determine  wnat  weight*  if 

any,  had  been  placed  upon  objectives  i t the  current  texts. 

In  1927,  Heinemann®  analyzed  twenty  textbooks  of 

general  science  to  discover  the  attention  given  to  principles 

in  them.  He  defined  a principle  as  "a  st  tement  of  relaticn- 

7 

ship  between  too  or  more  facts."’  The  books  he  used  were 

printed  between  the  years  1915  and  1927,  and  all  claimed  t8 

stem  from  years  of  v/or  and  teaching  in  the  field  of  general 

science,  fleineaan  , however,  decided  that  up  to  the  time  of 

his  investigation  no  tex  book  of  general  science  had  been 

9 written  based  an  principles,  he  reco  ; end  the  writ!  of 

. such  a book  t y t real  need* 

°Allse  M.  Keineman  , "A  Study  of  General  Science 
Textbooks,"  General  Science  c, uarteri.v . XIII  (Jov  ember, 
1928),  11-23. 

^Ibid. . p.  11. 


After  1932  Principles  anc  generalizations  of  science 
began  to  receive  considerable  attention  and  many  studies 
were  made  pertaining  to  them*  Investigators  took  their 
turn  at  formulating  new  sets  of  criteria  for  a principle 
and  the  equation  for  determining  principles  underwent  a 
continuous  evolution* 

Robertson, 8 in  1934,  set  up  the  following  criteria; 

To  be  a principle,  a statement: 

Must  be  a comprehensive  generalization* 

It  must  be  true  vithout  exception  within  the 
limitation  specifically  stated. 

It  must  be  a clear  statement  of  a process  or  an 
interaction* 

It  must  be  capable  of  illustration  so  as  to  gain 
conviction* 

It  must  not  be  part  of  a larger  principle. 

It  must  not  be  a definition. 

It  must  not  deal  with  a specific  substance  or  variety, 
or  with  a limited  group  of  substances  or  species. 

Robertson  used  his  criteria  in  an  investigation  of  10 
studies  dealing  with  scientific  principles*  After  sub- 
jecting these  studies  to  a process  of  comparison  and 
judgement  he  concluded  that  nThere  is  a wide  range  of 
opinion  among  these  eleraentar  science  experts  with  respect 

to  the  suitability  of  the  various  principles There 

is  a noticeable  lac z of  uniformity  among  investigators  with 


®Martin  L*  Robertson,  A Basis  for  the  Selection  of  Course 
Content  in  Elementary  Science,  Unpublished  Doctor* s 
dissertation.  University  of  Michigan,  1934.  See  Curtis, 
Francis  D.,  Third  Digest  of  Investigations  in  the  T •:  c ing 
of  Scie  me,  pp.  4-5.  Philadelphia:  The  Bla^iston 

Company,  1939. 


. 

. 

. 


: 


. 


• < 


. 


. 


. 


, . .. 


' - 


- 


. 

7 • 


respect  to  the  statement  of  principles* **^ 

In  1925  Pruitt  gave  the  following  criteria  for  the 
determination  of  a principle; 

A generalization: 

shall  be  as  simple,  comprehensive,  and  definitely 
stated  as  jossible. 

It  must  be  a statement  of  some  fundamental  process* 

It  must  be  true  without  exce)tions  within  the 
limitations  made  in  the  statement. 

It  must  be  a statement  capable  of  demonstration. 

It  must  not  be  subordinate  to  a larger  generalization. 

It  must  not  deal  with  specific  or  limited  grou  s of 
substances. 

It  must  not  be  a definition. 

Using  the  above  criteria,  Pruitt  gleaned  one  hundred  and 
thirty-five  generalizations  of  chemistry  from  a i ide 
variety  of  sources  including  examinations,  sociology 
books,  newspapers  and  magazines,  chemistry  textbooks, 
popular  booses  on  chemistry,  and  9 years*  issues  of  the 
J ournal  of  Cheuical  Education.  He  found  that  thou  h **rauch 
duplication  exists  between  content  of  the  high  school  and 
college  textbooks  examined,  **H  there  were  significant 
differences  in  the  emphasis  of  the  texts  and  the  emphasis 
of  popular  boons  of  chemistry  and  science. 


9Ibid.,  p.  5. 

10 Clarence  Martin  Pruitt,  An  Analysis*  Evaluation,  and 
Synthesis  of  Sub ect-Matter  Concents  arrl.  Generalizations  in 
Chemistry.  Doctor  * s dissertation.  Teacher* s College, 
Columbia  University,  1935.  See  Curtis,  Francis  D. , Third 
Digest  of  Investigations  in  the  Teaching  of  Science,  p.  156. 
Philadelphia:  The  Blamiston  Company,  1939. 

Hl'bid. 
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In  1941,  Y/ise  made  an  Important  contribute  n in  the 
deter  4 nation  of  264  principles  of  physical  science  most 
important  for  general  education.  Wise  evolved  the 
following  criteria:1^’ 

To  be  a principle,  a statement  must  be  a comprehensive 
generalisation  describing  some  fundamental  process, 
constant  mode  of  behavior,  or  property  relating  to 
natural  phenomena. 

It  must  be  true  without  exception  within  limitations 
specifically  stated. 

It  must  be  capable  of  illustration. 

It  must  not  be  a definition. 

From  these  criteria  he  determined  165  princi  ;les  classified 
as  physics  (including  astronomy  and  meterology) , 68  as 
chemistry,  and  19  as  geology.  To  these  252  principles  20 
more  were  added  by  contributing  studies  to  bring  the  total 
to  272.  U oon  submission  of  the  list  to  a ;jury  of 
specialists  for  validation,  eight  principles  were  lost, 
bringing  the  final  count  to  284.  The  principles  were  then 
arranged  in  descending  order  of  their  importance  for 
general  education,  grades  I-XIV. 

^Harold  E.  Wise,  A Determination  of  the  Relative 
Importance  of  Principles  of  Physical  Science  for  General 
Education,  Onpublished  Doctor1 s dissertation.  University 
of  Michigan,  1941.  See  Science  Education.  XXV,  (December, 
1941),  371-579;  XXVI,  (January  1942),  8-12;  XXVII, 
(February,  1943),  34-40;  XXVII,  (September-October,  1943), 
67-76. 
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A Determination  of  the  Relative  Importance  of 
Princi  ties  of  Physical  Science  for  General  Education, 

Unpublished  Doctor’s  dissertation.  University  of  Michigan, 
1941.  Science  Education.  XXV,  (December,  1941),  371-372. 


Martin,""  in  1944,  did  for  the  biological  sciences 
/hat  Wise  had  accomplished  in  the  field  of  physical  science. 
Martin  again  revised  the  criteria  of  a scientific  principle. 
For  a statement  to  be  a principle:10 

It  must  be  a comprehensive  generalization  ' hich  resumes 
the  widest  possible  range  of  facts  with  which  it  is 
directly  concerned.  The  facts  resumed  in  the 
generalisation  must  denote: 

a.  Objects  and/or  events  and  the  relations  between 
them* 

b.  Properties. 

It  must  be  scientifically  true.  To  satisfy  this 
criterion: 

a.  It  must  be  verifiable;  ie*,  it  must  be  stated 
so  that  it  suggests,  directly  or  indirectly,  a 
definite  observation  or  experiment  whereby  its 
truth  can  be  tested  or  verified. 

b.  It  must  be  consistent  with  the  body  of  accepted 
scientific  knowledge,  and  except  for  a few 
limiting  or  singular  exceptions,  with  all  the 
data  (facts)  relevant  to  it. 

Martin  applied  the  above  criteria  in  an  analysis  for 

principles  of  8 biology  textbooks  for  high-school  and 

junior-college  levels,  of  reports  of  5 research  studies, 

and  of  a general  survey  series  of  biological  science.  The 

statements  gathered  as  principles  from  the  above  application 

were  submitted  to  three  specialists  in  the  teaching  of 

science  who  evaluated  each  principle  to  determine  if  it  was 

a major  or  minor  principle.  All  major  principles  were  then 

submitted  to  three  specialists  in  the  field  of  biology. 


1 -Martin,  W*  Edgar,  A Determination  of  the  Principles 
of  the  Biological  Sciences  of  Importance  for  General  Education 
Unpublished  Doctor fs  dissertation.  University  of  Michigan* 
1944. 

15 Ibid. , p.  50. 
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These  specialists  refined  the  statements  of  these  major 
principles  and  determined  the  < c curacy  of  the  principles, 
or,  generalizations* 

A part  of  this  same  study  by  Martinis  consisted  in  an 
analysis  of  the  materials  in  newspapers  and  magazines, 
including  the  specialised  magazines  Ilygeia  and  Nature 
Magazine.  Selected  issues  of  these  periodicals  ere  read 
and  analyzed  for  materials  for  the  understanding  of  which  a 
comprehension  of  one  or  more  prlnci  dLes  from  the  major  or 
minor  lists  might  be  deemed  necessary.  Martin  felt  that  what 
people  read  in  magazines  and  newspapers  should  constitute  a 
valid  guide  as  to  what  subject  matter  should  be  taught  in  a 
program  of  general  educ  tion*  In  all,  2820  statements  or 
articles  from  the  magazine  and  newspaper  materials  were 
assigned  to  222  of  the  300  major  principles  and  to  minor 
principles  related  to  them** 1^ 

Bergman,1®  in  1948,  analysed  17  textbooks  and  30  reference 
books  of  entomology,  and  140  articles  and  research  studies* 

He  formulated  52  entomological  principles  and  compared  these 
to  biological  principles  deter  in ed  by  others. 

1%*  Edgar  Martin,  nA  Chronological  Survey  of  Published 
Research  Studies  Relating  to  ^iologieaL  Materials  in  News- 
papers and  Magazines11,  School  Science  and  Mathematics*  XLV 

(June,  1945),  543-550. 

1^Ibid* . p.  549. 
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George  J.  Bergman,  "Entomology  and  General  Education," 
Science  Education.  XXXI,  (February,  1947),  23-32. 
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Survey  of  the  Research  Studies  Pertaining 
to  the  Relationship 
of  Textbook  Topics  to  Principles 

The  only  investigation  of  this  type  bearing  upon  the 
present  study  is  that  by  Blanehet  at  the  University  of 
Michigan.^  Blanehet  made  an  investigation  to  deter  ine 
the  sub jectmatter  topics  included  in  textbooks  intended 
for  use  in  survey  courses  in  both  the  natural  and  the 
physical  sciences  at  the  junior-college  level.  The 
topics  contained  in  the  textboo  s -ere  considered  to  be 
the  chapter,  center,  and  paragraph  headings*  Working 
separately  in  the  biological  sciences  and  in  the  physical 
sciences,  Blanehet  first  made  an  outline  of  the  to  ics 
contained  in  each  booxC  and  then  these  outlines  were 
consolidated  into  an  outline  including  topics  from  all 
books.  This  resulted  in  two  topical  outlines,  one  for 
the  physical  sciences,  the  other  for  the  biological  sciences 

In  the  second  phase  of  the  investigation  by  Blanehet, 

< t 

the  major  topics  (those  of  primary  or  secondary  importance) 

• i 

from  the  two  composite  outlines  were  allocated  to  the 
principles  of  physical  and  biological  science  as  listed  by 
Wise  and  Martin,  respectively.  Whenever,  in  Blanehet* s 
opinion,  a discussion  of  a topic  might  be  reasonably 
expected  to  include  materials  'which  ould  contribute  to 

^Waldo  Emerson  Blanehet,  A Basis  for  the  Selection 
of  Course  Content  for  Survey  Courses  in  the  Natural  Sciences 
Un;ublished  Doctor's  dissertation.  University  of  Michigan, 
1943. 
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developing  an  understanding  of  a principle,  the  to  )ie 
was  assigned  to  that  princi  fLe. 

Blanchet  found  that  tie  contents  of  textboots,  in 
spite  of  their  diversity,  do  include  materials  suitable 
for  developing  understandings  of  principles,  although 
they,  as  and  of  themselves,  may  not  accomplish  this 
objective. 20 

Summary  of  the  Related  Literature 

The  importance  of  principles,  or  generalizations, 
of  science  as  objectives  in  science  teaching  has  long  been 
recognized.  The  bulk  of  the  work  pertaining  to  them, 
however,  has  been  done  since  the  publication  of  the  Thirty- 
First  Yearbook  of  the  Rational  Society  of  Education. 

Studies  have  been  carried  on  independently  at  several 
different  institutions;  at  Columbia  University,  Teacher* s 
College,  under  S.  Ralph  Powers  and  Gerald  S.  Craig;  at  the 
University  of  Chicago,  under  the  late  Elliot  R.  Do  ning; 
and  at  the  University  of  Michigan  under  Francis  D.  Curtis. 
More  recently  studies  have  also  been  made  at  New  York 
University  under  the  direction  of  Charles  J.  Pieper  and 
Martin  L.  Robertson,  and  at  Boston  University  under  Vaden 
W.  Miles. 

20Ibid.,  p.  307. 


Statement  of  the  Problem 

The  purpose  of  the  investigation  is  (l)  to  compile 
a composite  outline  of  the  subject-matter  topics  found  in 
five  textboo.s  of  biology  for  high  school*  and  (S)  to 
assign  to  biological  principles  those  topics  which  a study 
of  should  contribute  to  the  development  of  an  understanding 
of  the  principles. 


CHAPTER  II 


THE  OUTLINE  OF  THE  SUBJECT-MATTER 
TOPICS  FOUND  IN  FIVE  TEXTBOOKS  OF  BIOLOGY 

Statement  of  the  Problem 

The  purpose  of  this  part  of  the  investigation  is 
to  compile  a composite  outline  of  the  subject-matter 
topics  found  in  five  textboo  ;s  of  biology  for  high  school. 

Selection  of  Textbooj&s 

The  criteria  for  the  selection  of  textbooks  for 
analysis  in  this  investigation  for  subject-matter  topics 
were:  The  textboo  £ (l)  must  have  been  published  or 

revised  since  1940,  and  (g)  must  have  been  produced  by 
well-known  publishing  houses  which  serve  all  regions  of 
the  United  States,  The  folio  ing  five  books  were  found 
to  meet  these  criteria,  and  were  used  in  this  Investigation: 

Biology  for  Better  Living.  Boyles  and  Burnett, 

Silver  Burdett  Company,  New  York  City,  1941. 

Biology  and  Man.  ^ruenberg  and  Bingham,  Ginn  and 

Company,  Boston,  1944* 

Biology  and  Human  Affairs.  Ritchie,  world  Book 

Company,  Yonkers,  New  York,  1941. 

Biology  for  You,  Vance  and  Miller,  J.B.  Lippincott 

Company,  Chicago,  1946. 

Life  Science.  Benedict,  Lnox,  Stone,  The  Macmillan 

Company,  New  xor&  City,  1941. 
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The  Formulation  of  a Composite  Outline  of  Topics 
Related  to  the  Biological  defences 

' In  order  to  t e a topical  outline  for  the  five 

textbooks,  an  outline  was  first  made  for  each  textbook.  The 
subject-matter  topics  were  selected  in  accordance  with  the 
criteria  used  by  Blanehet,  namely,  the  chapter,  center,  and 
para  raph  headings  of  each  book* -1-  Upon  inspection  of  the 
five  outlines  thus  formulated,  the  folio  ing  major  divisions 
of  the  biological  sciences  included  in  the  textbooks  became 
apparent:  Science  of  biology  - living  things;  Uses  of 

biology;  Springtime  biology;  Adaptations  and  interrela- 
tions of  life;  Conflicts  of  life;  Plants  and  plant 
activities;  The  soil  and  conservation;  Mechanics  of 
biology;  Reproduction  and  heredity;  Body  systems  and 
functions;  Food  getting  and  excretion;  Behiviour, 
sensitivity  and  response;  Health  and  sickness;  Classifi- 
cation. 

The  organization  of  the  composite  table  of  topics  was 
accomplished  by  fitting  together  the  various  subtopics  from 
the  different  textbooks  which  fell  under  the  same  major 
division.  The  book  which  had  the  largest  number  of  sub- 
topics  in  the  major  division  under  consideration  was  used 
first  as  a basis  on  which  to  build.  In  each  case  a sheet 

^•Blanehet,  Y'*E.,  A Basis  for  the  Selection  of  bourse 
Content  for  vey  Courses  in  the  Natural  Sciences,  p.  IQS. 
Unpublished  Doctor’s  dissertaion.  University  of  Michigan,  1946. 
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of  paper  was  ruled  1th  six  vertical  columns  at  t\  e ri  pit; 
one  column  was  used  for  each  of  the  five  books  and  the 
sixth  was  used  for  the  total  number  of  boo as  in  which  a 
to ole  appeared.  A code  letter  was  assigned  to  each  book, 
and  at  the  top  of  each  column  at  the  right  of  the  page  the 
code  letter  for  each  book  was  placed.  The  topics  from  the 
pertinent  major  division  of  the  teat  with  the  largest  number 
of  subto  ics  under  this  division  (for  example,  text  B)  store 
tnen  written  in  outline  form  at  tae  left-hand  side  of  the 
paper.  An  (x)  was  then  placed  opposite  each  to  ic  in  the 
appropriate  column  headed  by  the  code  letter  (5)  used  to 
designate  the  book,  The  book  with  the  next  largest  number 
of  topics  (for  example,  text  B)  was  then  usee  and  topics  from 
the  outline  of  this  second  text  i ere  added  to  the  topical 
outline  of  the  first  text.  This  was  done  by  first  placing 
an  vx)  in  column  (D)  op  :osite  each  topic  in  the  second  text 
d already  been  entered  from  the  first  text  (B) j then, 
when  all  the  topics  which  the  tee  'fcgg&a  had  in  caisson  had 
been  caec-  ed  under  the  column  (D),  for  the  second  text,  the 
remaining  topics  from  the  second  book  were  added  at  appro- 
priate places  to  the  outline  and  ?ere  checked  in  column  (B). 

The  same  procedure  was  folio  ed  for  the  remaining 
texts,  and  for  the  remaining  major  divisions. 

When  topics  were  found  that  were  worded  differently 
but  carried  the  same  meaning,  the  to  ic  which  seemed  the  more 
appropriate  was  used.  It  was  found  in  many  cases  that  the 


p ■ • 








topics  as  warded  in  a textbook  ere  not  clear.  In  all  such 
cases  tne  investigator  paraphased  the  wording  of  the  text- 
book in  order  to  achieve  clarity. 

When  all  the  topics  contained  in  the  five  textbooks 
had  been  combined  according  to  tne  procedure  outlined 
above,  the  composite  outline  vis  checked  against  the  text- 
books themselves  in  order  to  assure  that  no  topic  from  any 
text  had  been  lost  in  the  procedure,  or  that  no  text  had 
been  credited  with  a topic  which  it  did  not  definitely 
contain. 

Tinree  co  sies  of  the  outline  were  t ien  made  and  sub- 
mitted to  three  subject-:  atter  specialists.*  In 
accordance  with  the  procedure  used  by  Blanchet , r these 

cialists  1 ere  asked  to  examine  the  outline  with  care  to 
be  certain  that  the  position  of  each  topic  in  the  outline 
„as  defensible,  and  that  even  though  it  might  be  differently 
worded,  no  topic  ap  )eared  mo  e than  once,  unless  the 
differences  in  its  inferred  or  implied  significance  at  the 
two  or  more  saints  in  the  outline  clearly  demanded  that  it 
be  treated  as  two  or  more  separate  topics. 

*Eugene  V.  Lovely,  Principal  of  Punchard  High  School, 
formerly  teacher  of  high-school  biology;  Joseph  B.  Doherty, 
teacher  of  biology  at  Punchard  High  School;  Dr.  (Mrs.) 
Abigail  K.  Blake,  specialist  in  botany,  with  a degree  from 
the  University  of  Nebraska. 

Slbid..  p.  189 
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If  it  was  the  suggestion  of  any  s.oec  ialist  that  a 
tojic  be  transferred  from  one  position  in  the  outline  to 
another,  that  suggestion  was  followed  unless  the  to nic 
appeared  in  the  same  spot  in  the  composite  outline  as  in 
the  outline  of  the  text  from  which  it  came.  If  tro  or  more 
specialists  suggested  a change,  it  was  made,  providing 
they  agreed  upon  the  ;>oint  to  which  it  should  be  transf  cred. 

The  frequency  of  appearance  of  subject-matter  topics 
was  determined  as  the  sum  of  the  checks  (x)  opposite  each 
item  in  the  composite  outline. 

In  all  cases  where  a minor  topic  was  contained  in  a 
textbook  but  the  major  topic  was  not  found,  both  the  major 
and  :dnor  topics  are  checked.  This  insured  that  minor 
to  ics  did  not  gain  a greater  composite  value  than  the 
major  topics  to  hi  h they  are  subordinate#  This  pro- 
cedure is  justified  because  of  the  defensibility  of  the 
placements  of  the  topics  in  the  composite  outline. 

The  following  key  designates  the  code  letters  used 
for  the  textbooks  in  I able  I. 

Code 

Letter  Author  or  authors  and  title 

A.  Bayles  and  Burnett,  Biology  for  better  Living 

B.  Gruehberg  and  Bingham,  Biolory  and  Man 

C.  Ritchie,  Biology  and  Hua"n  Af loirs 
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Code 

Letter  Author  or  authors  and  title 

D.  Vance  and  Miller,  Biol 0^7/  for  lou 

E.  Benedict,  Knox,  Stone,  Life  Science 

The  final  composite  outline  is  eresented  in  Table  I, 


which  f ollo7rs 
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TABLE  I 

AN  OUTLINE  OF  ALL  TOPICS  FOUND  IN  FIVE  TELTBOOKS  OF 
BIOLOGY  FOR  SENIOR  HIGH  SCHOOL 


TOPICS 

BOO 

r TO 
LVD 

k 

3 

C 

D 

E 

T* 

Science  of  biolo  y - livin  things 

X 

X 

X 

X 

X 

5 

Biology  - study  of  life 

X 

X 

X 

X 

X 

5 

What  biology  is 

X 

1 

Life  is  everywhere 

X 

1 

Kinds  of  biology 

X 

X 

2 

Magic  science  and  man 

X 

X 

2 

How  did  ma  ;ie  arise? 

X 

1 

Evil  spirits  released  through  holes  in 

X 

1 

living  skulls 

The  Delphian  oracle 

X 

1 

Can  reliable  information  be  discovered 

X 

1 

by  Dure  reason? 

Vesalius,  stealer  of  skeletons 

X 

1 

Limitations  of  observation  as  a method 

X 

1 

of  discovering  information 

Beaumont  and  St,  Martin1 s wound 

X 

1 

Beaumont  performs  an  important  experiment 

X 

1 

witchcraft 

X 

1 

Astrology 

X 

1 

Science  destroys  evil  and  superstition 

X 

1 

A safeguard  ag  inst  misleading  pro  pa  nda 

X 

1 

Biology  and  health 

X 

1 

Knowledge  trains  control  of  disease 

X 

1 

Biology  and  the  food  supply 

X 

X 

2 

Liebig  discovers  fertilizer 

X 

1 

Other  ways  of  increasing  the  food  supply 

X 

1 

Preservation  of  food 

X 

1 

Biology  and  society 

X 

1 

Law  of  normal  variation 

X 

1 

Biology  and  a world  of  differences 

X 

1 

Biology  and  everyday  life 

X 

X 

2 

Biology  helps  to  solve  problems 

X 

X 

2 

Reasons  for  study  of  biology 

X 

X 

2 

Biology,  industry,  and  everyday  life 

X 

1 

The  microcosm 

X 

1 

*Total 

**Table  I is  read  thus:  The  topic  "Science  of  Biology, 

living  tilings"  was  found  in  each  of  the  five  textbooks  analysed. 


TABLE  I (Cj^TI^.jTD) 


TOPICS 

BOOKS 

A 

B 

c 

0 

E 

?v 

Recent  discoveries  in  biology 

X 

1 

Biology  end  the  public  domain 

X 

1 

Constancy  of  the  living  world 

X 

1 

ISenfcal  adjustment  to  rorl d necessary 

X 

1 

Biology  hel  :s  in  • aju  >trr,ent  problems 

X 

1 

Biology  aids  in  satisf/in.;:  in ’-ti active 

X 

1 

desires 

Harmony  with  our  instinctive  nature  noces- 

X 

1 

sary 

Biology  given  contct  with  living  things 

X 

1 

Biology  a: id  the  Constitution  of  the  H.S. 

X 

1 

Purposes  of  the  founders 

X 

1 

Protection  against  governmental  tyranny 

X 

1 

Protection  against  majorities 

X 

1 

The  Bill  of  Rights 

X 

1 

i?hat  is  Ilf  el* 

X 

X 

X 

s 

How  plants  and  animals  are  all  e 

X 

1 

The  part 3 of  plants 

X 

1 

The  human  body 

X 

1 

An  insect 

X 

1 

Comparison  - similar  structures 

X 

1 

Animal  activities 

X 

1 

Organisms 

X 

1 

Differences  in  living  and  non-living  things 

X 

X 

2 

Growth 

X 

1 

Irritability 

X 

1 

Fitness 

X 

1 

Origin 

X 

1 

Adaptation 

X 

1 

Reproduction 

X 

1 

The  functions  of  life 

X 

1 

Living  things 

X 

1 

Forms 

X 

1 

Largest  1 i vi n g t hi n s 

X 

1 

Smallest  living  tr.ings 

X 

1 

Kinds 

X 

1 

of  animals 

X 

1 

of  plants 

X 

1 

Habitats 

X 

1 

The  ocean 

X 

1 

Fresh  water 

X 

1 

Arctic  regions 

X 

1 

Temperate  regions 

X 

1 

Tropical  regions 

X 

1 

Deserts 

X 

1 

- 


I.3L  i xrjTi ' rz) 
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'ICS 

A 

u-k 

It 

* 

z 

: 

lex 

Builders  o.i  biology 

X 

X 

£ 

Aristotle 

X 

1 

Pioneers  with  lenses 

X 

1 

Be Vries 

X 

1 

Gal ton 

X 

1 

Thorn hire 

X 

1 

Fab re 

x 

1 

c - . l ' e 

X 

X 

X 

X 

4 

Importance  of  facts 

X 

1 

lian  the  ere  tor 

X 

1 

S ie  .ce  di aarran  e -hings 

X 

1 

0 .-stacies  to  iro/ress 

X 

1 

The  cost  of  i srove.  er.t 

X 

1 

Science  is  objective 

X 

1 

cientlflc  method 

X 

X 

X 

s 

Flxaiaples  of  .scientific  nthoh 

X 

1 ■ 

The  scientific  sin 

X 

X 

2 

Cause  and  effect 

X 

1 

Ex  eri ue  it*,  ti  n 

X 

1 

The  >irit  of  science 

X 

X 

2 

In  ir/hat  f i elds  of  hn:  ah  activ  ty  can  scie  .ce 

offer  heln? 

X 

1 

fay  science  acvnaces 

X 

1 

Ucie  ! ific  method  In  a ch  ngirh  world 

X 

1 

A gli:  so  ahead 

* 

1 

Iin  ut.b  -e  lav  s of  n..ysicai  . turn 

X 

1 

Fact  and  theory  In  science 

X 

1 

Uses  of  biology 

X 

1 

?le.  sure  a id  r fit  fro...  blolo  y 

X 

1 

Luther  Burbanii 

X 

1 

The  Burbank  potato 

X 

1 

iff  t California 

X 

1 

New  crest!  as  in  plant  .lie 

X 

1 

Biological  tr  ini  u important  to  fruit 

r vc  fi.tc.bl'  - c s 

X 

1 

Pro  gati  n ~y  graft! 

X 

1 

Tong  e or  hi  , rafting 

X 

1 

In  arch  grafting 

X 

1 

Root  grafting 

X 

1 

f .en  to  r-f  t 

X 

1 

Uses  of  grafting 

X 

1 

Budding 

X 

1 

Seedless  oranges 

X 

1 

Treatment  •./  tr  e bar  a injuries 

1 

1 

1 

TABLE  I (CLLTIILi  D) 


as. 


TO  .’ICS 

A 

C 

E 

T1 

How  and  when  to  rune  tree 

X 

1 

How  decayed  spots  in  tr?es  aay  be  treated 

X 

1 

Bracing  trees 

X 

1 

Attraction  birds 

X 

1 

Viedov  g.rdens 

X 

1 

beautiful  laris 

X 

1 

Good  slope  a id  drai  is,  e im  -or tart 

X 

1 

Gocu  soil  needed 

X 

1 

Hoy?  to  sow  grass  sr  i 

X 

1 

Soddi-g  a lawn 

X 

1 

Rolling  establish'd  la  is 

X 

1 

Feed  the  lawn  occasionally 

X 

1 

Low  often  to  zaow  a laws 

X 

1 

watering 

X 

1 

Getting  ri  o weeds 

X 

1 

Grasses  under  trees 

X 

1 

X 

Lawn  pests 

X 

1 

Ever-;  *eens  a id  flowering  shrubs 

X 

1 

FI  inlng  and  planting  or  er  w rta-:a  lie 

Jobs 

X 

1 

Roc » gardens  lor  at  > terraces 

X 

1 

i Garden  pool 

X 

1 

The  vegetable  garden 

X 

1 

Selecting  the  seed 

X 

1 

Usun  a lan  ale  d of  ilanting 

>; 

1 

Cho ..  30  the  loc  . ion  carefully 

X 

1 

Pre  are  the  e d bed  c-  refully 

X 

1 

Get  tin.;  out  slants 

X 

1 

Cultivation 

X 

1 

hater in ; 

X 

1 

Pest  and  diset  s - - protect!  n 

X 

1 

Earve.'tin  f ;d  n:orv;e 

>; 

1 

iology  a reparation  for  roc-  l lo  ts 

X 

1 

Doctor 

X 

1 

Denti  it 

X 

1 

urse 

X 

1 

Earner 

X 

1 

Forester 

X 

1 

luseua  cur  tor 

y. 

1 

. pther  vocations 

7. 

1 

Biological  or.  in  eneral 

1 

S p r i n c t i a*  b i ol  • gy 

X 

1 

bird  activities 

X 

1 

Migration 

X 

1 

' 


a.:  i ( ; : _ _D) 
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T I. 

A 

c 

D 

Ti 

.lot  oir  s find  their  wry 

X 

1 

Vhy  bird 3 migrate 

X 

1 

Anting 

X 

1 

Building  the  .est 

X 

1 

Bird  language 

X 

1 

ate  activities 

X 

1 

Progs 

X 

1 

Eggs  a,.  -arly  development 

X 

1 

Mete  orphasis 

X 

1 

iue  g rden  t <^d 

X 

1 

liie  ray fish 

X 

1 

Body 

X 

1 

Aq  >eadhges  and  movement 

X 

1 

X 

1 

Rear  i ct Ion 

X 

1 

E railibriu 

X 

1 

Inter  u 1 or  ;ans 

T. 

1 

. ehsvior 

X 

1 

Mussel  or  fresh  v.ater  cl  .m 

X 

1 

Bow  the  mussel  lives 

X 

1 

Early  life 

X 

1 

Uses 

X 

1 

Study  of  mussels 

X 

.1 

Bel  t . ves  of  the  er.\fish  a of.  the  morsel 

X 

1 

Insects  >f  s rl  ig 

X. 

1 

rays  of  ■ s i.i£  the  winter 

X 

1 

. utter  flies  and  .rotas 

X 

1 

rue  cab;  n :e  butterfly 

y 

1 

j:;0  tWi-O 

X 

1 

The  r t .fly 

X 

1 

Te,  tures 

X 

1 

L fe  history 

X 

1 

Insects  taut  hib«  mate 

X 

1 

Freshwater  plants  of  sprint  time 

X 

1 

Structure  of  a diatom 

X 

1 

diatom  distribution 

X 

1 

Importance,  of  diatoms 

X 

1 

Spring  flowers 

X 

1 

:he  great  ;r  ups  oi  flowe  in  pi  tu 

X 

1 

‘roced'ire  in  classification 

X 

1 

dpring  onocots 

X 

1 

olypctaious  farilies 

X 

1 

: yaoet  . lo  sa 

X 

1 

. 


. 


TABLE  I (iZ_XU_i) 


10  \U 

c 

E 

. x 

The  chi.  iging  ye.'.r 

X 

1 

.Ad  it.-tio.is  r.  ;:l  i ts  el  +;  l\rs  of  life 

X 

X 

X 

x 

5 

AJ'  --t'it.i  n for  >r;  --cfc:  >n 

X 

X 

X 

s 

Pi-  \t  adjusip-ients  to  changi  v/s'.er  ~ o - ly 

X 

X 

o 

£# 

deasonai  ch- n/e,  plant 

X 

X 

g 

Animals  in  winter 

X 

1 

Anima.s  in  dry  seasons 

X 

1 

Life  in  a tld-  »ool 

X 

1 

ie-:  1 " n ■/  - nd  m ' era i >n 

X 

1 

Crowtn  substances 

X 

1 

doi  so  : s 

X 

1 

G 1 1 1 n - used  to  c * d co.-.di'i  o 

X 

i 

H bit  f r ip  : oioons 

X 

1 

Antit  -las 

X 

1 

odifie"  'rot'  las 

X 

1 

Protoplasm  -t  i e .-  b«  c:c 

X 

1 

PI  a at  protec  i n avin.-t  .*nis*:.  is 

X 

1 

. : o t cc t i \ r devices  (sa-LLIs,  s iu-  , t ills) 

X 

X 

2 

Protective  c lora  i n 

X 

X 

2 

Blotil 

X 

1 

i icry 

X 

X 

2 

Ani:  .al  snails 

X 

1 

Tr  vcicr *s  pt  . protect!  m ; : i ot  'rought 

X 

1 

a s rage. 

X 

1 

A • pt,  t i r 'or-  . .>rd 

X 

1 

flow  the  raboit  ?rotf;*ctc  M.  m *.f 

X 

1 

Othe  animals  acL;  t d or  flight 

X 

1 

-rot  cfci  ,n  by  fighting 

X 

1 

Mutually  helpful  c,d  tal  i -'3  coe:< t t nt 

X 

1 

Versatility  of  l < an  n d 

X 

i 

Versa  i a ad:-,  tati  ms  ne  ■ co  sci  > 

direct i on 

X 

1 

Developing  ? d:  ptfti  a,  r-  tm  ’s  *roblr?. 

X 

1 

Ada  tat  ion  of  ic:ves  for  Ci  . co  iditi  . s 

X 

1 

ro  t ec  t i o n of  seed  f ron  an]  a a 1 s 

X 

1 

Interdependence  of  life 

X 

X 

X 

X 

4 

ui  e a \d  li*,ht 

X 

1 

The  food  c cle 

1 

"at oral  ;r  u i gs  of  or  >-nis.as 

X 

1 

Life  on  the  narc 

X 

1 

ar  ' 1 r : to  r . 1 

X 

1 

~y  ;es  of  co-naunities  - s-p  : * r ss,  at  . 

X 

1 

Flist  set tl  ro-  ionae.  n iiants 

X 

1 

Ch  nging  pop  ;I: ti on 

X 

1 

C^i  ; x co  unity 

X 

1 

I (,  • ...  ?.) 


o 

*-» 

n 

o 

F-* 

I 

1 

Movin.,  e<.  .ilibriuiii 

X 

1 

Symoiasi s 

X 

X 

X 
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Communal  life  of  ants 

X 

1 

Terai  ten 

X 

X 

2 

Dan age  canned  by  termites 

X 

1 

Connunal  life  of  nan  - a co  . -arisen 

X 

1 

Relations]  i of  a.  iaal  >hyl& 

X 

1 

General  enarcteri sties  of  the 

X 

X 

2 

vertebr  te  body 

X 

1 

Body  plan 

X 

1 

Dev el o neat 

X 

1 

Fishes 

X 

X 

2 

Special  features 

X 

1 

Internal  organs 

X 

1 

hi  : ration 

X 

1 

Lu  : fisi  .es 

X 

1 

Adaptability  of  fish 

X 

1 

Value  of  fish 

X 

1 

Asp  i Qians 

X 

X 

2 

Sal  <v.  lers 

X 

X 

2 

Frogs  and  toads 

X 

X 

2 

Value  of  aaohlbla 

X 

1 

Re  tl.es 

X 

X 

2 

Harmful  a d useful 

X 

1 

Liz sards 

X 

1 

Snakes 

X 

X 

2 

Body 

X 

1 

lion- poisonous  in  0*S. 

X 

1 

Poisonous  In  0«S* 

X 

1 

Other  olsono  ;s  sn  :es 

X 

1 

Crocodiles  and  their  relatives 

X 

1 

Turtles  and  tort  ises 

X 

X 

2 

Splienodon 

X 

1 

Transition  to  life  on  land 

X 

X 

2 

Reptiles  lay  eggs  on  land 

X 

1 

Birds 

X 

X 

2 

Char  cic  t eri  s 1 1 c s 

X 

X 

2 

Intellige  co  a d i sti  ets 

X 

1 

Eggs  and  t ei  • care 

X 

1 

Biological  reiatio  iships 

X 

1 

Value  of  birds 

X 

1 

Special  fratu  es  and  ad:  stations 

X 

1 

•foul  ting 

X 

1 

Body  of  t..e  bird 

X 

1 

Life  roees  es 

X 

1 

Diversify  and  adaptations  an  ng  birds 

X 

* 
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TOPICS 

BOOKS 

A 

B 

C 

D 

E 

T 

Mono tr ernes 

X 

1 

Duckbill  and  spiney  ant eater 

X 

1 

Marsupials 

X 

1 

Kangaroos  and  Wallabies 

X 

1 

Other  Australian  marsupials 

X 

1 

American  marsupials 

X 

1 

Placental  mammals 

X 

X 

2 

Claw  footed 

X 

1 

Hoofed  mammals 

X 

1 

Whales 

X 

1 

Primates 

X 

1 

Lemurs 

X 

1 

Monkey  s 

X 

, 1 

Apes 

X 

1 

Man 

X 

1 

Relationshi  i of  living  placental  mammals 

X 

1 

Useful  mammals 

X 

1 

Value  of  mammals  to  man 

X 

1 

Success  of  birds  and  mammals 

X 

1 

Total  2078* 

563 

562 

©2 

587 

27^ 

mm 

* This  is  the  number  of  separate  subject-matter  topics. 

**  This  represents  the  number  of  times  all  topics  appeared 

in  all  books. 


Findings.  A total  of  2,078  separate  subject-matter 
topics  were  found  a total  of  %73S  times  in  the  five 
textbooks  for  an  average  of  547*5  topics  per  book.  Of  these. 
2,078,  only  75  were  major  topics.  The  remaining  2,005  were 
minor  topics  subordinate  to  the  75  major  topics*  Thirty- 
eight,  or  52  percent,  of  the  75  major  topics  vers  found  in 
each  of  the  five  books  analysed;  10  v,rere  found  in  4 of  5 
textbooks;  8 in  3;  4 in  2;  and  the  remaining  13  in  only 
one  textboo:.  Of  the  13  major  topics  to  be  found  in  only 
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one  textbook,  3 came  from  a s ecific  section  of  one  book 
and  8 came  from  a specific  section  of  a second  book.  If 
these  9 relatively  Insignificant  topics  be  disregarded, 

48,  or  75  percent,  of  the  84  remaining  major  topics  \?ere 
found  in  4 or  more  of  the  5 textboors.  Only  159,  or  7.5 
percent,  of  the  2,005  minor  topics  were  found  in  3 or  more  of 
the  five  books. 


— 


CHAPTER  III 


SUBJECT-MATTER  TOPICS 
ALLOCATED  TO  BIOLOGICAL  PRINCIPLES 


Statement  of  the  Problem 

The  purpose  of  this  part  of  the  investigation  was  to 
assign  to  biological  principles  those  topics  rhich  a study 
of  should  contribute  to  the  development  of  an  unde  'Standing 
of  the  orinciples. 

Techniques  Employed 

The  topics  used  in  this  part  of  the  investigation 
were  obtained  from  the  composite  outline  re  >orted  in  Table  I* 
Only  the  73  major  topics  (topics  of  the  first  and  second 
order  in  the  outline)  to  which  all  other  topics  ■,  ere 
subordinate  topics  were  selected  to  be  assigned  to  the 
biological  principles* 

Martin1 list  of  300  biological  principles  • as  deemed 
to  constitute  a satisfactory  list  of  principles  to  which 
topics  could  be  assigned*  Whenever  it  was  the  investigator1 s 
opinion  that  the  discussion  of  a topic  might  be  reasonably 
expected  to  include  material  that  would  contribute  to  the 
understanding  of  a principle,  or  if  it  was  felt  that  the 

^William  Edgar  Martin,  A Determination  of  the  Principles 
of  the  Biological  Sciences  of  Importance  for  General 
Education, Unpublished  Doctors  dissertation.  University  of 
Michigan,  1944. 


-83- 


64 


topic  might  be  used  to  develop  an  understanding  of  the 
principle,  the  topic  was  assigned  to  that  principle.  This 
was  done  with  no  attempt  made  to  place  the  to  >ics  in  any 

order  of  preference. 

In  order  to  insure  the  def ensibility  of  the 
assignments  of  topics  to  principles,  a co  iy  of  the  list  of 
biological  principles  with  the  tonics  which  had  been 
assigned  to  them  by  the  investigator  was  submitted  to  each 
member  of  a jury  of  three  subject-matter  specialists*.  Each 
specialist  was  asked  to  c'hec&  the  list  critically  to  insure 
that  no  topic  was  assigned  to  a principle  to  which  it 
might  not  be  reasonably  expected  to  contribute  an  under- 
standing, or  which  it  might  not  be  used  to  develop.  Each 
was  ashed  to  check  any  assignment  of  a tonic  which  he 
considered  not  defensible,  and  to  initial  each  page 
examined.  Where  a principle  was  assigned  a topic  which 
was  questioned  by  any  one  of  the  specialists,  the 
investigator  discussed  that  assignment  with  the  three 
specialists  and  an  adjustment  was  made  to  satisfy  all  three. 

*Eugene  V.  Lovely,  Principal  of  Punchard  High  School, 
formerly  teacher  of  high-school  biology:  Mrs.  Maxine  S. 
Miles,  formerly  on  the  staff  of  the  zoology  department  and 
of  the  Medical  scaoo-,  University  of  Michigan;  Dr.  (Mrs.) 
Abigail  1.  Blake,  specialist  in  botany,  with  a degree  from 
the  University  of  Nebraska. 


Table  II  presents  Martin* s list  of  500  biological 
irinciples,  each  of  which  is  followed  by  those  topics 
deemed  to  contribute  to  an  understanding  of  it.  The 
arrangement  of  Martin*  s list  of  principles  in  descending 
order  of  their  relative  importance  for  general  education 
is  retained  in  Table  II, 

*he  topics  which  could  not  be  defensibly  assi  ned 
by  the  investigator  to  a biological  principle  are  in 
the  appendix,  page 
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TABLE  II 

BIOLOGIC AL  PRINCIPLES,  AND  TOPICS  HIGH  MAY  BE  USED 
TO  DEVELOP  AH  UNDERSTANDING  OF  THEM 


* 1.  The  food  requirements  of  every  living  thing  are:  fuels 

capable  of  yielding,  when  oxidized,  the  supply  of  energy 
k\  without  which  life  cannot  continue;  materials  for  gro’  th 

and  for  replacement  for  the  slight  wearing  away  of  the 
living  tissue  involved  in  any  activity;  minerals,  the 
necessary  constituents  of  cell  structures,  of  cell  products, 
and  of  the  bathing  fluid  of  cells. 

Metabolism  and  nutrition* 

2.  The  cell  is  the  unit  of  structure  and  function  in  all 
organi sms. 

The  cell  and  cell  theory 

3.  The  protoplasm  of  a cell  carries  on  continuously  all 
the  general  processes  of  any  lining  body;  the  processes 
concerned  in  the  growth  and  repair  of  upbuilding  of 
protoplasm  (anabolism)  and  the  processes  concerned  with 
the  brea  ing  down  of  protoplasm  and  elimination  of  wastes 
from  the  cell  (catabolism).  The  sum  of  all  these 
chemical  :nd  physical  processes  is  metabolism. 

Protoplasm 

Metabolism  and  nutrition 
haste  removal 

4.  Reproduction  is  a fundamental  biological  process  that 
provides  for  the  continuance  of  life  on  the  earth  by 
providing  new  individuals. 

Reproduction 

5.  Circulation  is  carried  on  in  all  living  organism  . 
hith  increase  in  size  and  complexity  of  the  body  of  an 
or  ;anism  there  goes  a corresponding  elaboration  of  the 
transportation  (circulatory)  system. 

Circulation 

8.  All  living  organisms  (except  viruses  and  bacteriophage) 
carry  on  the  common  life  processes;  reproduction,  growth, 
nutrition,  excretion,  respiration,  and  irritability. 

*Table  II  is  read  thus:  The  topic  "metabolism  and 

nutrition”  may  be  used  to  develop  an  understanding  of  the 
biological  principle  to  which  it  is  assigned. 
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Plant  nutrition 
Growth  in  plants 

Reproduction 

Respiration 

Food  getting  and  er-cretion 
Sensitivity  and  response 

7#  In  the  pr  sene  of  sunlight  t.  e chloro blasts  of 
Chlorophyll-bearing  ?1:  n.ts  convert  the  e r-jon  dlo;  the  and 
water  into  Int  rmediate  sub  stances,  and  these  into  sugar 
and  that  i *to  s arch,  . nd  liberate  oxy  ;e?i,  thus  directly 
or  Indirectly  producing  pr  ctically  ail  the  fool  in  the 
world* 

>ho  t o sy  nth  esis 
Plant  nutrition 

♦ 

S*  A b lance  of  nature  is  .Maintained  through  interrelations 
of  plants  and  animals  with  each  other  and  with  their  »hy uiccl 

environment* 

Interne  -endence  ol  life 
Conflicts  of  life 

I,  Cellular  res  Ir  -tion  (aerobic  decomposition)  occurs  in 
all  living  cells  arid  all  organises  possess  structures  by 
means  of  which  it  can  be  car  ’led  on*  Its  first  sfce > l s 
inta.ee  of  oxygen  either  directly  from  the  sir  or  dissolved 
in  water,  its  final  product  is  carbon  dioxide,  net  free 
energy  is  released*  In  the  cells  it  is  accomplish  d at 
ordi nary  temperatures  by  the  int  rvention  of  special 
enzymes. 

Respiration 

13.  cells  .re  orga  ilzr-d  into  tlssu  s,  tissues  ir>to  organs 
and  or ,;:.ns  into  systems,  the  o<  ttcr  to  carry  on  th-  function 
of  complex  organisms* 

The  cell  and  cell  theory 
The  unity  of  a living  organism 

II.  In  organisms  the  end  produ<  ts  of  metabolism;  water, 
carbon  lew  iff,  an  nitrogenous  compounds,  are  either  stored 
in  the  cells  . s i-j  soluble  crystr  Is,  .re  II  i:r  {-e  in 
solution  bp  diffusion  or  osmosis  (oxcjuh  io  ,) ; are 
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incorporated  into  useful  cell  -to  "net, . (secretion) 5 or  are 
recombined  into  - ood  substances  within  the  organism. 

eaate  removal 

12.  Uo . t cases  of  fermentation,  souring  and  sut  re.'  action 
ar*  brought  about  by  living  micro— or  ■ an isms. 

lion-green  plants  get  fo  d 
Bacteriology 

16*  food,  xygen,  c<  v . in  o timal  c:  ditions  of  to  er&ture, 
moisture  an.  light  are  es  eirtial  o the  life  of  most  living 
things. 

fth&t  is  life? 

Limitations  of  life 

14*  All  the  higher  forms  of  terrestrial  life  are  ciepeid&nt 
eithe  directly  or  Indirectly  on  the  soil  bacteria  for 
their  nitrogen  su  ply. 


Formation  t nd  composition  of  the  soil 
3 cteriology 

15.  In  sexual  re  production  a .©air  cell  from  one  par  nt 
unites  with  a female  cell  from  the  other  ;-ar  nt  to  produce 
the  young  (emce  t in  the  few  cases  of  self-fertilization) . 

He pro  uc  ion 

16.  All  communicable  diseases  are  caused  by  micro- 
organisms . 

The  fight  agel  st  disease 
17*  ’roto  >lassn  is  the  ph  sic  1 basis  of  all  life. 
Protoplasm 

18.  The  multitude  of  interred:  te  neurons  of  the  nerrras 
sys  *ij  of  hi  her  animals  form  a complex  system  through 
which  every  organ  of  the  body  is  in  connection  with  every 

other  organ. 

Tno  nervous  system 
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13.  Living  things  alter  * neir  types*  »res  t e ies  have 
not  always  existed,  but  have  orl,  inated  by  descent  from 
others  which  in  turn  ware  erived  fro&  11*  Her  for  , 

and  so  down  to  the  first  li  Ing  dor  s. 

Fvolutiom ry  develo  ^ent 

20*  All  living  things  res  ond  to  stimuli  1 their 

environment. 

Sensitivity  and  response 

SI*  The  biologic:  1 unctions  of  color  are  to  conceal,  to 
disguise,  or  to  advertise. 

Adaptation  for  protection 

22*  A par-  si  tie  organise  harms  its  host  in  various  ways 
and  to  v rlous  degrees;  by  activel  attac  in  the  tis  ues, 
by  shedding  poisons,  (toxins)  which  ar  di  trifcuted 
throughout  the  body  of  the  host,  by  competi  . with  the 
host  for  food  or  even  by  ;a.  wing  reproduction  of  the  host 
impo  side. 

?: on- green  plant  get  food 
Bacteriology 

23.  AIL  living  things  are  slowly  changing,  both  structur- 
ally ond  functionally,  in  r s onse  to  clu  ages  in  t ir 
jhysic&l  e viro  ments. 

Tmbryolo  ;y  and  growth 

24.  Every  species  of  organism  is  subject  to  cert.'  in  checks 
or  controls  in  the  form  of  c ••emies  and  only  those  members 
tb  t are  most  c ’-able  of  avoiding  their  enemies  survive 

to  re  ro--v.ee  new  off s ring,  and  thereby  transmit  many  of 
their  characters  to  their  offspring* 

Conflicts  of  life 
Evolutionary  development 

££■•  Protective  adaptations  aid  survival. 


Adaptations  for  protection 
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SB#  Digestion  in  plants  and  animals  is  carried  in  by 
enzymes,  or  organic  catalysts,  which  are  made  by  the  or /an- 
isms  themselves  and  which  take  part  in  and  s eed  u the 
chemical  reactions  but  do  not  und  rgo  any  ;err-ianent  chemical 
change  themselves. 

Digestion  and  the  digestive  tract 

27.  Enzymes,  vitami  ns,  and  hormones  are  chemical  regulators 
(stimul  tors  and  euporessors)  of  the  reactions  that  occur 
in  living  organisms# 


Digestion  and  the  ii  e tive  trac 
Metabolism  and  nutrition 
ora  nos  and  glands 

26.  Living  thing  t come  only  from  livin  things. 

Be production 

29.  All  plants  and  animals  are  engaged  in  a constant 

struggle  for  energy. 

Conflicts  of  life 

SO#  The  energy  which  mai;e  post  le  ttu  activity  of  most 
livin.:  things  corses  at  irst  from  the  sun  and  is  secured 
by  the  organism  through  the  oxidation  of  food  ithin  the 
body# 

Photosynthesis 
Metabolism  and  nutrition 

hi#  egeners tion  is  almost  univers  1 anong  living  things; 
from  the  simple  to  the  noro  com  1 cm  animals  the  ability  to 
regenerate  lost  arts  a.  d to  reproduce  a sexually  fall  off, 
gradually  and  indepe  ide.  tly,  as  the  body  become.:  more 

s eci&iized. 

Reproduction 

£2#  All  living  cel .s  require  oxygen  t>  rovide  energy  or 

to  build  ne*  protoplasm# 


respiration 
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S3,  Fvery  cell  consists  essential  y of  r.  mas;  o proto:.  s;r,' 
which  Is  usually  : if rerent i .fed  into  a central  option,  the 
nucleus,  and  a,:  outer  portion,  the  cyto  1 sm. 

The  cell  and  the  cel.  theory 
Protoplasm 

34.  Energy  and  matter  are  not  created  or  destroyed  in  the 
reactions  associated  with  the  life  processes,  but  re  passed 
on  from  organism  to  organism  in  endless  .-accession. 

tome  biological  chemistry  tad  physics 

35*  Throughout  the  life  of  every  organism  there  Is  a build- 
ing u • and  tearing  down  of  nroto  I asm  with  constant  trans- 
formations of  energy. 

Protoplasm 

38.  Infection  by  micro-organisms  is  possible  only  under 
the  following  conditions*  1.  The  infect!'  g organism  must 
enter  he  host  in  sufficient  numbers;  2.  It  must  enter  by 
an  a -proprl&te  avenue;  3.  It  must  be  virulent;  4,  The 
host  must  be  reee  tive. 

The  i ;ht  against  disease 
Bacteriology 

37.  Ox Id  tin n (combustion)  furnishes  th*  ess  uti&l  source 
of  heat  in  the  animal  body;  and  other  f.-ctors  re  ining 
constant,  the  more  heat  so  oroduce  : ’ he  warmer  the  animal 

b dy. 

Metabolism  and  nutrition 
Respiration 

36.  'c.-.ro  .y tie  organisms  c;re  res  <••>  .sible  dor  decay  by 

which  process  the  necessary  raw  materials  fo  * growth  of 
new  organisms  are  rele  sed  from  dead  matter. 

Hon-  gr  een  pi  a n t s get  f oo d 

Z 9.  Living  things  are  not  distributed  uniformly  or  at 
random  over  the  surface  of  th-  earth*  but  are  found  in 
definite  zones  end  local  regions  where  co  .ditto  s are 

favorable  to  their  survival. 
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Limitations  of  life 


40#  The  v itito:.-i  is  >po  peed  by  ‘ he  body  o:  organism 

are  s eclfic. 

The  fight  a get  at  di  e tie 

• The  surface  of  he  e ri  md  the  . t 
the  earth  ere  under yoin,  constant  changes;  therefore  in 
order  to  survive  or genista  must  migrate*  hibernate, 
aeativufc  ouiid  artificial  shelters  or  o hcrwi  e b gome 
adapted  to  these  cht  ?ge s* 

Adapt'  tlons  ? d Inberrelatl  ms  of  life 

42*  Certain  a..soci  tin  ns  o'-  pi-  is  d t,  t .Is  are  the 
revolt  of  struggle.  for  survival,  for  war.l  * etr  unity 
o r : o c i I life*  a r a 3 i t i s a ? >d  ays  b i •■si  a * 

I.  terdependencn  of  lift 
Ian  and  hi a relationships 

43*  All  living  orge  isms  have  other  lirtn  things  which 
compete  wiin  tr  fo.  the  avails  le  * jerry. 

Conflicts  of  life 

44.  Water  is  essential  to  all  living  thl  ?.a  bcc cu.-c 
protoplasmic  activity  !•*  dependent  upon  : - adequate  water 

Ljr* 

Protoplasm 

41*  The  , ora  piss  o-  ani  als  and  plants  pa.?£.s  o frogt 
generation  to  generation  and  there  has  been  o continuous 
stream  iron  tfc{  first  orga-  la  s to  the  present  living 
organ! sms • 

Be product! 

Heredity  fend  variation 
Evolut ionary  development 

46*  Parent  material  for  the  development  of  soils  is 
for.s*  d through  the  physical  *«isinte.?r-  tlma  and  chemical 
decor. posit!  - n of  roc  particle?:  mi  organic  .••utter* 

Formation  and  composition  of  the  soil 
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47*  From  the  lo*er  to  tne  hi  .'her  forras  of  li  e,  there  is 
an  increasing  complexity  of  structure,  and  this  is 
accompanied  by  & regressive  increase  in  division  or  labor. 

Evolutionary  dev  lo  .<sent 
Classification 

46.  The  work  of  the  chlorophyll  of  all  cal  rophyl 1-bearing 
plants  is  essential  to  all  living  things. 

Photosynthesis 

In tarda »ende nee  of  life 

49.  Osmosis,  the  diffusion  of  molecules  of  a solvent 
(usually  water)  through  & s i-  erne able  membrane  ( a layer 
of  cells  or  the  m mbrane  of  a single  eel.)  from  the  point 
of  higher  concent r tlon  of  the  solvent  to  a lolnt  of  1 >wer 
concent  ati on,  with  a sto  o&pe  of  the  Clow  of  molecules  of 
the  solute,  is  a basic  process  in  plant  t nd  animal 
physiology. 

Some  biologic  1 che  istr.  and  hy-4.es 

50.  The  continuance  of  higher  forms  of  life  in  anything 
like  the  present  kinds  end  numbers  would  b‘  i-  >os  ible 
without  bacteria  and  molds.  They  bra*..-:  down  the  comole.;, 
earbohy  rates  and  protein  substances  of  eed  pi; nts  and 
animals  into  simpler  substances  which  ay  then  be  used 
again  by  living  plants* 

Son-green  plants  get  fo  d 

Formation  and  com  osition  of  the  soil 

Bacteriology 

51.  Ail  life  comes  from  preceding  life. 

He. roduction 

52*  The  organisms  most  likely  to  survive  and  reproduce  are 
those  that  are  structural  y and  physl  lo  ically  best  fitted 
to  their  environments. 

Conflicts  of  life 
Kvolut 1 one ry  develo  >ment 

53.  Certain  o e-ceiled  organisms  escape  adverse  conditions 
by  forming  highly  resistant  spores  which  often  survive 
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until  co  idi tions  arc  again  favor  -.,le* 

Adaptations  for  protection 

54.  Ev  ry  individual  orga  tlsm  is  composed  of  distinct 
hereditary  characters  which  are  transmitted  by  distinct 
hereditary  factors  (genes).  In  a hybrid  the  different 
parental  genes  are  combined.  Then  the  sex  cells  of  the 
hybrid  are  formed  the  two  parental  genes  se  arete  again, 
remaining  quite  unchanged  snd  pure,  each  sex  cell 
containing  only  one  of  the  two  genes  of  one  rair. 

Heredity  and  variation 

55.  There  is  a cycle,  from  inorganic  substances  in  the  * ir 
and  soil  to  plant  tissue,  thence  to  animal  tissue,  from 
either  of  the  last  two  stages  via  excretion  or  death  and 
decay  bo. cl  to  the  air  and  soil.  The  energy  for  this 
everlasting  rotation  of  life  is  furnished  by  the  radiant 
energy  of  the  sun. 

Interdependence  of  life 
Photosynthesis 

Formation  cad  composition  of  the  soil 

to*  All  living  things,  except  chemo synthetic  bacteria, 
ae ^end  directly  or  indirectly  on  photosynthesis  for  food* 

Photosynthesis 

Int*' ^dependence  of  life 

57.  An  animal  cannot  live  without  proteins.  They  are 
necessary  in  cell  growth  and  maintenance;  so  are 
necessities  in  the  dirts  of  animals*  Plants  are  able  to 
use  carbohydrates  and  nitrates  to  build  up  the  proteins 
necessary  for  growth  and  maintenance  of  their  cells. 

Plant  nutrition 
Metabolism  and  nutrition 

56.  Energy  can  be  transformed  into  mass  and  mas  into 
energy,  but  the  sum  total,  mass  plus  energy,  remains 
constant. 

Some  Liolojical  chemistry  and  physics 


59.  New  hinds  of  living  thin:'  hr..v<  rirn  through  mutation* 
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Heredity  and  variation 
Breeding 

Evolut  i on'-  ry  dev  el o »mc?nt 

80#  All  gradations  of  association  occur  in  intimate 
association  between  organisms,,  . ro®  those  whici  ar<  utu&lly 
beneficial  to  the  individuals  concerned  (symbiosis)  to 
those  in  which  one  member  secures  all  the  advantage  at  the 
ex  sense  of  the  other. 

Interdependence  of  life 

81.  Digestion  accomplishes  two  things;  it  m&i ces  food 
soluble  in  water,  thus  enabling  the  nutrients  to  pass 
through  membranes  a. id  thereby  reach  and  enter  the  cel  s; 
it  reduces  complex  nutrients  (fats,  proteins,  and 
carbohydrates)  to  in  .If?  building  raster  !•  Is  which  in  turn 
can  be  rebuilt  into  whatever  living  material  or  structural 
feature  is  necessary  at  the  place  of  use. 

Digestion  and  the  digestive  tract 

88*  Except  for  those  org-nis  s which  exhibit  matage  esis, 
all  living  things  are  able  in  one  way  or  another  to  produce 
new  living  things  like,  or  nearly  like,  themselves. 

Reproduction 

8S.  All  el ant  and  animal  life,  along  with  the  climate  and 
varying  weather  play  an  active  art  in  helping  to  form  and 
to  change  the  s 11. 

Formation  and  composition  of  the  soil 

64.  Carbon  dioxide  set  free  during  the  respire  ion  of  both 
plants  and  animals  is  absorbed  by  plants  and  used  as  a raw 

material  of  photosynthesis. 

Bespirafcion 

Photosynthesis 

85.  There  are  no  elements  in  living  matter  which  are  not 
found  in  the  lifeless  environment;  the  energy  by  which 
lire  is  operated  i;»  the  sane  energy  by  which  t-  e simplest 
physical  nd  chemical  transforms!!  ns  arc  brought  about. 

Some  binlo  icsl  chemistry  rnd  physics 
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86.  In  general,  living  things  give  evidence  of  a definite 
progression  from  simple  to  complex  forms. 

Bvolut I ©nary  development 

87.  Since  the  ge  es  of  the  two  parents  combine  t random 
in  the  gem  cells  and  since  the  germ  ceils  meet  < t random 
in  fertilisation,  the  individuals  of  an.  generation  occur 
in  certain  predictable  ratios. 

Heredity  and  variation 

88.  The  range  of  temperature  for  life  activities  is  very 

narrow  as  compared  with  the  range  of  pos  ibie  ten  era  lures. 
There  is  a minimum  temperature  below  • hich  and  a maximum 
temperature  above  which,  no  life  procss  ©s  ere  c r led  on. 

The  temperature . range  for  life  processes  is  from  many 
decrees  below  0°C  to  nearly  the  boiling  pint  of  water. 

Limitations  of  life 

69.  The  secretions  of  the  endocrine  glands  are  absorbed 
directly  i ito  the  blood  stream  from  the  gland  tissue  that 
produces  them  and  are  absorbed  from  the  >lood  by  the  tissues 
of  the  organs  whose  activities  are  regulate  by  these 

substances. 

Hormones  and  gl  >nds 

70.  In  many  multicellular  organisms  body  form  is  secured 
and  maintained  either  y the  consistency  of  the  tis  ues 
and  the  internal  pressure  of  bod;  flui Is,  or  by  the 
secretion  of  special  substances  which  are  for  ed  Into 

s up p art i • i p structures . 

oKeleton  bad  m scl.es 

71.  Diffusion,  the  spread  of  fluids  with  their  dissolved 
substances  hroughout  the  protoplasm  of  a cell  or  the  tissues 
of  an  organism  is  an  important  method  o conveying  oxygen 
from  the  surface  of  a cell  to  the  i terior,  or  digest? 1 

foo: s from  tne  olace  of  igestion  to  the  proto  lasm  that 
will  use  them,  or  substances  tha  stimulate  any  activity 
to  the  org  n that  responds  to  them,  or  the  waste  materials 
from  the  place  where  they  are  formed  to  the  ol&ce  id  ore  they 
arc  stored  or  e • c«  ©ted. 


Some  biological  chemistry  and  )hy sics 
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72.  The  funds  entel  process  o reproduction  in  ; U organisms 
whose  cells  possess  nuclei  is  cell  di  ision  which  results  in 
the  precise  liatrlbutio  of  the  chromatin  of  th  nucleus. 

Reproduction 

75.  The  hereditary  t r ctera  ,n  11  organisms  r • deter- 
mined by  the  jenes  which  atfe  c rried  in  ‘he  chromosomes. 

Reproduction 

74.  .Decomposition  of  the  carbon  coar  mds  of  orgrnisns 
provides  a replenishment  of  carbon  in  the  atmos yiere  in  the 
form  of  carbon  dioxide.  Thus  carbon  is  continually 
subjected  to  a series  o cyclic  changes  from  living  to 

.•  i c u-i  i ving  s nb  s t mac  € s . 

Dome  biological  chemistry  end  Physics 

75.  All  individuals  of  the  first  generation  of  hybrids, 
the  Pi  generation,  are  uniform  in  appearance  in  alternative 
Inheritance;  only  one  of  the  two  parental  c racters,  the 
stronger  or  the  dominant  one  is  shown.  In  Intermediate 
inheritance  a mix  ere  of  the  or  ntel  characteristics  is 
shown. 

Heredity  and  variation 
Breeding 

78.  All  living  things,  exce >t  a few  err  ©robes  end  auto- 
trophic bacteria,  secure  tseir  encr  y by  oxidising  fo  d* 

Respiration 

Metabolism  and  nutrition 

77.  Each  .ind  of  living  thing  has  its  ch  raeterlstie 
chromosome  co  ple^ent,  sad  he  co  sts  cy  of  that  com  lement 
is  preserved  at  each  cell  division.  Differ©  it  species 
show  th©  utmost  diversity  in  number,  size,  :v\  form  of 

chromosome 3. 

Reproduction 

76*  In  all  organisms,  increasing  complexity  of  structure 
is  ac  omp  nied  by  in  ir.cre&si  ig  division  of  labor. 

Evolutionary  development 
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79.  The  over  of  contr&e  ion  which  rr:?u  fea  in  movement  is 
possi  ssed  by  all  protoplassi  to  a greater  or  lesser  decree* 

Protoplasm 
Skeleton  and  muscles 

80.  All  ceils  produce  certain  chemical  com  ou  da,  sec  op- 
tions, which  nay  e use-  in  the  processes  gol^g  on  within 
the  cell,  in  the  c vitles  adjoining  the  cells,  or  fe 
considerable  distances  'ro . the  cells  where  they  are 
produced. 

Hormones  and  glands 

61.  Every  living  species  is  continual!,  producing  a 
multitude  of  individuals,  many  more  than  can  survive, 
varying  more  -r  less  among  themselves,  and  ■ .11  competing 
art'inst  each  other  for  the  available  energy. 

Conflicts  of  life 

82,  When  the  bait- ice  of  nature-  is  disturbed,  disastrous 
results  often  follow. 


Intrude  »endence  of  life 

83.  Reproduction  in  all  organisms  is  a process  of  owth 
i which  a single  cell  or  a roup  of  cells  is  separated 
from  the  parent  body  an  develops  into  a new  individual. 

Be  pro  Auction 

84.  All  cells  arise  through  the  division  of  previous  cells 
(or  proto  las  ),  bic.  to  the  primitive  ancestral  cell  (or 
protoplasm) • 

Reproduction 

85.  Each  specie;-  at  living  organism  is  adapted,  or  is  in 
the  process  of  b 'ing  adapted,  to  live  whe  V it  is  found. 

Adaptations  and  i iterrelations  of  life- 


68.  Plants  and  animals  are  directly  or  ladl/ectly  dependent 

on  the  soil 

loii  conserv  t ion 
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87*  -Anaerobic  decom position  (fenn  station)  is  eccor.-  lishedt 
at  ordinary  temperatures  by  the  intervention  of  special 
enzymes,  dissimilation  occurs  in  the  absence  of  oxygen,  its 
final  products  are  carbon  dioxide  and  alcohol,  and  free 
energy  is  released. 

Hon-green  plants  get  food 

Some  biological  chemistry  and  hysics 

Bacteriology 

88*  The  smallest  unit  of  livin,  aterial  era  able  of  exist- 
ing independently  and  of  maintaining  itself  is  the  unit 
called  the  cell. 

The  cell  and  cell  theory 

39.  All  the  modes  of  re  -reduction  of  organic  life  are 
Lke  in  their  nature,  v.-.ryi. n$  only  in  c mi  iexity  of  . 

development.  They  falx  into  two  general  categories, 
sexual  and  asexual  reproduction. 

Reproduction 

90.  All  embryos  start  from  a single  fertilized  egg  cell 
and  grow  through  a 'vision  and  redivision  into  the  form  of 
the  organism  which  . reduces  the  egg  cell. 


Embryology  and  growth 

81.  Sexual  re  ro  motion  is  on  el  ost  universe!  method  of 
re  ‘reduction  and  occurs  in  re  rrce  entafeives  of  every  hyluso 

of  plants  and  animals. 

reproduction 

9£*  Oxygen  free  in  the  atmosphe  e or  di  solved  in  water 
supplies  the  r soiratory  n edi  of  practically  til  living 
organisms,  except  for  a ti  r itie  and  anaerobic  animals, 
and  a number  of  bacteria  and  f un;.  i which  can  extract  the 
oxygen  needed  for  their  energy  reduction  from  the 
organic  substances  on  which  they  f ed. 


Res  ire t ion 
Bacteriology 

j£.  The  phenomena  of  life  involve  chemical  change,  so 
thfcv  ETC-,  xib  c prscss  a ux t «>«i  c..  rxie. • >n,  chemical 

chan  e3  are  taking  'lace.  However  chemical  change  may 
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proceed  without  i rvoiviny  lire. 

Some  biologic-  1 chemistry  and  physics 
Pro to pies© 

34.  Every  animal  coses  into  the  world  with  a certain 
inherited  endowment  of  congenita * behavior. 

Heredity  and  variation 

35.  Growth  and  repair  re  dun d rental  . ctiv.iti.es  of  all 
protoplasm* 

Protoplasm 

38.  In  a living  organism  adaption  of  action  and  dentation 
of  structure  ore  necessary  for  survival. 

Adaptations  an  interrelations  of  life 

37*  In  the  second  and  later  generations  of  a hybrid,  every 
pos  ifele  co.-sbinaMon  • cars  in  a definite  pr->  portion  of 

the  1 ndi v i dual s . 

Heredity  and  variation 

96.  For  each  disease  caused  by  an  organism  a s eeiflc 

microbe  exists. 

The  fight  against  disease 

39*  Heredity  sup  lies  the  native  capacities  of  an  r-anism; 
envi onseni  iet ermines  to  a large  c:;t  -t  ho;v  ful  y these 
cap&c  ties  will  be  develo  ed. 

Heredity  and  variation 

100.  Chlorophyll-bearing  plants  are  a da  ted  for  food  making. 
Photo sy  nth : sis 

101.  All  living  things  are  continually  an  a e in  an  exact- 
ing strug- le  cith  their  environments. 

Conflicts  o~  life 


10c,  for  moat  SjoCito  of  or£  -visas  tn«  groat  chec/.a  on 
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Increase  in  numbers  are  enemies,  disc  ise,  and  cor:  etifcion 
betwe  n individuals  of  the  s ne  s ecies  and  of  one  species 
v,ith  another  for  food  and  other  necessities  of  life. 

Conflicts  of  life 

103.  The  penes  in  the  chro  o sores  o.  eggs  and  sperms  e 
the  physical  basis  of  heredity* 

Heredity  and  variation 

1 )4*  The  present  1j  the  ,:ey  to  the  past;  the  succes  ion 
of  fas  11s  in  the  rocks  show  a progressive  series  fro?.: 
simile  to  oomples. 

Evol nt 1 on a ry  develops ent 

1)5.  The  less  the  amount  of  parental  care  Iven  to  the 
offspring*  the  gre  ter  the  need  for  the  animal  to  be 

prolific. 

Infancy  and  parenthood 

IDS.  The  hereditary  character!  Stic  j os  os  seel  by  an 
organism  de  end  wholly  u on  the  genes  that  v;c  c transmitted 
to  it  in  the  reproductive  cells  received  from  Its  parents. 

5 e produc t ion  and  her edi t y 

107.  Ail  ■.•equally  rc  produced  individual  a be.;, in  their  cheers 
os  single  fertilised  cells. 

Reproduction 

108.  All  living  thing:  grow  by  lnttt»susce  tion  or  assimila- 
tion, making  ove;  the  m a erlals  whi  h are  taken  into  she 
body  into  the  kind  of  material  which  the  body  is  composed  of. 

Metabolism  and  nutrition 
• mbryology  & nd  growth 

109.  A characteristic  of  many  parasites  is  th&'  they  have 
alternate  hosts. 

Hon-gre  n plants  get  food. 

110.  Ev-  ry  living  organism  assesses  some  body  parts  tfhich 

are  adapted  for  the  life  it  leads. 


Adaptations  and  Interrelations  o life 

111.  k charset  eristic  of  living  organisms  is  the  ower  of 
independent  notion,  eith  r cv  proto  jXsssb  vlthin  th-~  ceil  or 
of  the  boy  a 3 a whole* 

What  Is  life? 

118.  Life  depen  'a  for  its  prims!  food  supply  u on 
chloro;;hy ' 1-bearinp  slants  wnd  for  It  5 sustained  supply 
uoon  bacteria.  The  whole  of  life  considered  chemically 
is  one  cyclic  rocess  f ro  . chloro  hyll-be  rin  plant  to 

beet- ria  snd  so  again  to  chloro phyil-beari ng  >l&nt * 

Photosynthesis 

bacteriology 

Soart  biological  chemistry  and  nhyaics 

115,  From  the  simple  to  the  complex  organisms  there  is 

-n  increasingly  el abort  e coordination  of  reee  ti  ity  of 
stimuli  and  response  to  stimuli. 

Sensitivity  and  response 

114,  There  is  a definite  size  limit  for  each  species  of 
dant  and  animal. 


The  limitations  of  life 

115.  The  genes  of  all  organisms  are  subject  to  cha  e, 
such  chan-. os  pro  using  herstti table  lodificnttone  in 
organisms  called  mutations. 

Heredity  and  variation 
Breeding 

116.  The  intelligence  shown  by  the  mem  rs  of  a ohyluc  of 
tulmals  usually  bears  1 direct  reletinn  to  the  stags  of 
development  of  the  social  sense  or  ns  and  to  the 
proportionate  size  of  the  brain. 

The  nervous  system 

117.  The  oxygen  of  the  atmosphere  is  removed  by  animals 
and  returned  by  chloro  hy  11 -bearing  Hants. 

'-'ho  to  synthesis 

Hespirati  n 


( 
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lie.  The  environment  acts  upon  living  thin  s,  a:  li-.ing 

things  act  u on  their  environment. 

Ada  tatlons  and  interrelations  of  life 

119.  The  chief  dif  erence  in  the  structure  o'  or  anises 
from  the  lowest  to  the  highest  arr-  result  nt  of  the  naans 
adopted  to  perform  certain  functions  under  different 
exigencies  imposed  by  the  environment. 

Fvol  {.tionary  development 

ISO*  The  fundamental  life  processes  arc  the  sane  in  all 
organisms,  but  each  species  has  other  cher.ic  ,1  processes 

peculiar  to  itself. 

What  is  life 
Protoplasm 

121,  Starches,  fats  e:.;d  proteins  arc  produced  by  lent 3 
and  it  is  upon  these  that  all  animals  defend  orimarily 

for  food* 

Plant  nutrition 

122.  Those  organisms  which  cannot  adjust  the  • elves  to 
their  environment  lose  out  in  the  strug  le  for  existence. 

Conflicts  of  life 

1 28.  Str  -tches  of  wafers  act  as  barriers  to  purely 
terrestrial  animals,  end  stretches  of  land  bar  the  mi  .rations 

of  the  inhabitants  of  water. 

Limitations  of  life 

124.  -hen  new  species  are  introduced  into  a count r , few 
individuals  or  species  ril  . find  themselves  in  the  same 
balanc  as  in  their  old  home.  For  the  majority,  conditions 
will  be  unfavorable;  they  will  fail  to  grin  a fa  tin;; 
and  some  will  disc  ear.  If  the  i trod need  soecie . chances 
to  be  better  suited,  especially  if  it  is  removed  from  it  3 
old  enemies  and  parasites,  it:,  numbers  will  increns  often 
far  beyond  anything  possible  to  it  in  its  native  country; 
not  infrequently  its  a bund  nee  will  force  it  into  changed 
habits. 
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•' d&pt&tlom  -lid  i terrel- t.ions  of  life 

1 .5*  Life  is  • holly  confined  to  the  surface  of  the  pl&nfet 
earth  and  to  a few  alien  above  and  befov  its  surf;  ce  (as 
far  a our  certain  knowledge-  goes)  and  no  one  single  form 
of  11  e is  able  to  span  even  these  petty  limits* 

.imitations  of  life 

126*  In  many  organisms  the  number  of  young  which  re 
produced  nears  .©finite  relation  to  the  chance  of  survival) 
the  smaller  the  chant.  he  more  numerous  the  of  rorin  . 


:e production 

127.  Only  the  topsoil,  with  its  rich  organic  natter,  its 
porous  structure,  and  its  living  organisms  cm  hold  the 
cater  and  provide  the  minerals  necessary  to  the  life  of 

the  plant. 

Formation  and  composition  f the  soil 
foil  conservation 

128.  Physically  all  animals  are  fundamentally  mechanisms, 
driven  by  thm  energy  liberated  in  the  oxidation  of  too  . 

Metabolism  and  nutrition 
Respiration 

123.  True  parasites  secure  their  nourishment  from  the  host 
>i  at  or  him.-  i without  exertin.  c injurious  effects 
pathogens  dam-  . e the  host  by  invading  the  tissues,  multi- 
>lying  thus  and  producing  infection. 

Jon-green  plants  get  food 

Beet criolo  y 

The  fight  against  disease 
ISO.  Acquired  char  c*  ers  are  not  inherited. 

Here  ity  and  v ri&tion 

1S1*  Variation  and  heredity  together  are  responsible  for 
the  appearance  and  the  conti nuatio  of  the  proces  .es  of 

evolution 


Heredity  and  vari  tion 
Evolution a r y d ev el o nm e n t 
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1SI.  Asexual  reproduction  in  organisms  mj  be  ir-u.-ht 

about  by  fission  (simple  ivi .ion)  by  extern  1 or  internal 
budding,  or  by  sporulfition. 

Reproduction 

13S#  Fossils,  dated  by  the  rotes  in  which  they  are  found, 
reveal  portions  of  the  actual  story  o'  life’s  past  changes 

by  a pro  ;ression  of  forms  from  staple  to  com  lex. 

* TOlntlonary  development 

1S4*  Organisms  whose  fossils  are  found  in  any  cueist ' ty 
must  have  lived  and  died  in  the  period  when  the  strata  in 
which  their  remains  are  found  were  laid  down. 

avolut ionary  dev- elo patent 

ISt . Similar  organisms  ar^  grouped  together  because  they 
are  believed  to  be  related  through  common  descent. 

Evol  ut  i onarp  dev  elo  >ment 
Classification 

136.  The  reproduction  elements  and  their  union  in 
fertilization  arc  fundamentally  tne  same  in  plants  and 

animals. 

Reproduction 

137.  The  environment  of  living  things  chan  es  continually. 

Adaptations  and  interrelations  of  life 

158.  All  animals  can  modify  to  some  extent  their  Inherent 
modes  of  reaction# 

Ada  tati  ms  and  inter.- elation*  of  life 

129.  As  long  ■ s life  continues  in  any  organism  energy  is 
being  rele*  sed* 

What  is  life? 

Metabolism  and  ziutrition 

140.  Life,  es  re  know  it,  is  de?  ndent  u on  Comdex 

chemical  compounds  of  carbon,  iltrogen,  hydrogen,  oxygen. 
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end  other  elements. 

t iological  chemistry  ana  >hysics 

111.  Cell  division  is  the  essential  mechanism  of  reproduc- 
tion, of  heredity,  and  to  a large  extent,  of  organic 
evolution. 

Reproduction 

Heredity  and  variation 

Evolutionary  develo  sent 

148.  In  organisms,  the  more  .i  liar  the  bo  y structures 
end  t eir  mode  of  origin,  and  the  greater  the  number  of  such 
structures,  the  closer  the  relationship  of  the  organisms. 

Evaiut  toner,  devela  sent 
Classification 

1 I t!  : I 

their  nervous  or  animation,  am  they  exhibit  z greet  variety 
of  behavior  beta us*  the  nervous  or  animation  v ries  in 
complexity  * 

The  nervous  system 

141.  In  organises.'  which  reproduce  by  sexual  means 
fertilization  serves  two  functions;  stixulatlr-.g  the  egg 
to  devcic  and  introducing  the  hereditary  roperti-us  of 
the  male  parent. 

Reproduction 

145.  Alternation  of  gener  tions  or  a somewhat  par-  11 cl 
process  is  characteristic  of  ail  higher  plants,  but  is 
comparatively  up  com:-  on  tith  animals. 


He production 

146.  the  evolution  of  the  earth  and  the  living  things 
inhabiting  it  has  resulted  from  the  o >era* ion  of  natural 

forces. 

Fvolut- 1.  r*n?i  ry  develops ent 


147.  The  existence  of  organisms  depends  upon  their 
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iat©rrviatio:;s  with  the  envi ronment  -rhich  includes  both 
the  inorganic  world  tad  other  •■■rganisms* 

v.  apt  tlo  ,s  and  interrelations  of  life 

148.  Host  living  things  dif  or  fro:  non-living  things  b., 
being  able  to  perform  the  control  functions  of  irritability 
and  spontaneous  movement . 

that  is  life? 

14b.  The  gtr.  t r the  ..iisilerity  in  structure  bet  een 
organisms  the  closer  is  their  kinship;  the  less  the  similar- 
ity in  structure,  the  nore  remote  Is  their  co  on  nn<  e stry. 

; vol  at  i o nary  d e*  elo  panent 

Classification 

150*  Inherent  reactions  in  a lira- J s sre  unlearned, 
independent  of  intelligence,  and  more  or  les  inflexible 
in  their  operati  >nj  under  natural  conditions  they  are 
usually  bene: icial  to  the  individn  1 or  the  race. 

p&yehology  and  behavior 

151.  The  carbohydrate  foods  made  by  the  chloro -lasts  of 
chlorophyll-bearing  plants  are  the  origins!  source  o'  all 
energy  used  by  plants  themselves  as  well  as  tht  : used  by 

animals. 

Photosynthesis 
Plant  nutrition 
Metabolism  and  nutrition 

152.  All  chemical  -roc eases  that  belong  to  life  itself  are 
process  s that  occur  in  solution. 

Dialogical  chemistry  and  physics 

1 5.  The  size  of  ceils  bears  no  constant  relation  to  the 
size  of  the  animals  or  plants  in  which  they  arc  found* 

The  cell  and  cell  theory 

154.  eiosis  or  ’’ chromosome  reduction"  fro-  the  diploid  to 

the  haploid  number  occurs  at  some  s age  in  all  orgj  ais  s in 
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return  1 a the  dioloid  numbe  ’ of  chromosomes  at  rertiiisu'-ion 
it  ,eepa  the  nuiaue?  of  chrouosomes  constant  lor  the  s cies, 

Reproduction 

1 f ♦ Th  respiratory  -rotes  . A both  plants  and  animals 
involves  exactly  the  s me  g seoas  exchange  a-.d  accor-plishes 
toe  same  function,  the  release  oi  energy. 

Bespiration 

156.  If  two  or  m>r  groups  of  organisms  have  similar 
homologous  structure,  they  have  descended  from  similar 
ancestors  or  from  the  sc.:  e eo.  ;:.,on  ancestor. 


F-volut  1 on  ary  d evelo;  -ment 

157.  The  most  primitive  method  of  reproduction  mp  ployed  by 
organisms  is  the  Splitting  of  tae  whole  body  into  two 
halves,  each  of  which  grows  into  a c lete  new  individual. 

Byproduct ion 

158.  Tire  existing  forms  of  life  on  the  earth  are  not  nil 
the  forms  o'  life  which  have  existed;  there  has  been  a g 
greet  variety  of  animals  and  plants  which  have  pas  ed  away 

involution;  ry  develo  -ment 

159.  Species  not  fitted  to  the  conditions  about  them  do 
not  thrive  and  finally  become  extinct. 

Conflicts  of  life 
• volutionary  develo  .'sent 

160.  Protoplasm  is  built  only  by  roto.ias.  and  every  cell 
comes  frog;  a cell. 

Protoplasm 
Re  ro&uction 

161.  The  forms  of  living  things  have  changed  slowly  but 
steadily  in  the  past. 

Evolutionary  develo  sent 

18:6.  Fach  Species  of  animal  or  »lant  tends  to  extend  it3 
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runge  until  some  impassible  b:.r^ier  is  encountered. 

Limit at io  is  of  life  * 

188.  Life  raay  exist  under  conditions  of  light  frr  bright 
sunlight  to  the  complete  darkness  of  a ves. 

Adi- stations  end  interrelations  of  life 

134.  Viruses  require  living  cells  for  their  growth  and 
they  multiply  on  y within  living  cells. 

The  fight  against  disea  e 

185#  In  most  c ses,  o character  is  not  determined  by  a 
single  gene,  but  by  the  Inter >1 ay  of  two  or  more  genes; 
in  this  interaction  the  genes  may  interfere  with,  modify, 
counteract,  or*  rei  i force  each  ofche  - . 

Be  reduction 

136*  Living  organisms,  during  the  growth  period,  increase 
the  mass  of  the  cell  from  within  through  th  ingestion  and 
utilisation  o-  food  substances*  When  the  cell  reaches  a 
maximum  sine  mitosis  usm lly  results. 

The  cell  and  cell  theory 
Embryology  . nd  grew th 

167.  An  organism  must  have  certain  materials  for  its  life 
processes  and  each  organism  must  secure  t e uir • 
materials  that  it  cannot  build  for  itself. 

Metabolism  and  nutrition 
Interdependence  of  if e 

168.  At  every  stage  of  deveio v ent  the  individual  is  an 
integrated  organism;  all  of  its  cells,  tissues  an  • organs 
are  corrected  and  act  together  us  a unit. 

The  unity  -f  ■ living  organism 

189.  All  cells  within  one  multicellular  individual,  except 
the  gametes  in  animals  ■ -d  the  s ore.  in  plants,  - re 
characterized  by  the  same  chromosomal  cot  tent,  as  they  ell 

originated  by  ceil  division  from  a common  cell* 

The  cell  and  cell  theory 


90 


TiliL  II  (Lv.-UI;  d) 


170,  Throughout  the  plant  "d  r.  -.ImaX  kingdoms  there  is  a 
general  preference  for  cross-fertilization;  an  avoid? nc© 
of  the  union  of  eg^s  with.  sirle  eiem-mt;  from  the  same  in- 
dividual, In  those  animals  and  in  the  're  t majority  of 

pi  a .its  which  re  hcrsa  braille,  the  e are  usually  recaptions 
to  restrain  .clf-.f  .rtlilg&tlon. 

©production 

171,  Li' in.;  things  reproduce  of rapring  which  possess  the 
genes  of  their  ancestors  though  these  offs  ring  do  not 
necessarily  referable  any  one  of  these  nces.ors. 

Heredity  a id  variation 

17S.  Living  organisms  cannot  II Vf.  In  the  . pper  levels  of 
the  atmosphere  because  of  deficiency  oi  oxygen  for 
respiration,  deficiency  of  pres,  ro  upon  the  exterior  of 
the  body,  and  intense  cold. 

Limitations  of  life 

173.  The  fundamental  unction  of  the  germ-plasm  is  the 
aerpet nation  of  the  species;  the  body  or  soma- ol asm  serves 
as  the  v .hie  Le  for  the  germ- plana. 


Reproduction 


174,  Species  can  and  do  become  extinct,  but  th~y  usually 
live  on  for  ages  in  spite  of  the  death  of  individuals. 


Fvol ut i onary  dev elopaent 

175*  Aniaals  resemble  cac.  othe  • more  and  more  the  farther 
bs-.ch  we  pursue  them  in  osibryologicai  development. 

Embryology  and  gro:  .h 

176.  The  bodies  of  moat  ani  , exhibit  bii  teral  syzetry 
which  is  an  ada  tat  ion  for  for*,  rd  motion. 

Adaptations  e nd  inter -elations  of  life 

177,  The  genes  in  the  chromosome.:  of  the  egg  and  the  a ierm 
are  the  carriers  of  t’  a struct:  ,ral  ch&r&cte  . of  the  parents 

to  the  next  generation. 


Heredity  and  variation 
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178.  In  px&nfcs  mid  a;*l,*.als  o.  of  the  so  - c sortie- ur»l 
plan  ure  or li  a applied  to  the  mosf  diverse  functions* 

Adaptations  an  interrelations  of  Ilf r 
Evolutionary  dev  olo  pment 

179*  In  all  orga  .isms,  the  higher  the  or  3 ni " lion  the 
greater  tne  degree  of  differentiation  and  divisi  n of 
labor  find  of  the  dependency  of  one  'nr*.  yon  another. 

The  unity  of  a living  organism 

180*  Mew  ty  les  of  organisms,  different  enough  to  he 
reguardea  as  new  species,  may  spring  full;  formed  from  a 

cross. 


Breeding. 

181*  All  the  energy  used  by  chlorophyll-be&ring  pi  nfcs  in 
t eir  secondary  building  processes  comer,  from  cor.  ounds 

formed  in  photosynthesis. 


'hotosynthesi s . 

•lint  nutrition 

182*  The  ability  and  necessity  o members  of  t species  to 
prod  -‘‘Co  othe  individuals  lime  themselves  is  s ,enti;l  for 
tne  wel.fe.rQ  and  maintenance  of  the  specie  .,  si  nee  no  living 
t.f.ng  can  maintain  itself  for  an  unlimited  period  of  time* 

Reproduction 

163*  ; very  influence  exercised  by  lie  o-  rg^oisms  u en  man 

and  his  environment  whether  beneficial  >r  detrimental,  is 
the  result  of  a c .e  .lcal  ( range  in  the  substances  from  which 
they  secure  their  nutrition  or  of  a chemical  product 
synthesized  from  them* 

Non-green  plants  get.  food 
The  fight  against  disease 

Bacteriology 

164.  Energy  change  actor,  any  all  chemical  changes  in  living 
organisms  ad  every  cht  lea!  ch  ago  her  physical  to  eonit- 
sacs. 

ijioi.0  CilCa-itj.  a \>i'  ~ C - 
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, v:  .7  c cel  nc  erevf  chromosome 

from.  c.:'  romosone. 

Reproduction 


I8C.  In  general,  the  not  aril  flora  '.no  fauns  of  & region  is 
the  most  luxuriant  that  it  can  support. 

Limitations  of  life 
The  soil  and  conservation 

137,  The  fora s of  all  chlorophyll -bearing  plants  ere 
adaoted  for  carrying  on  photosynthesis. 

Photosynthesis 

Plant  structure  anc*.  stems 

198,  Evolution  has  needed  enormous  lapses  of  tire  for  its 
operations# 

Evolutionary  develo  meat 

183#  Life  exists  from  hr  depths  of  the  ocn  n to  the 
mountain  hights* 

Limitation.",  of  life 


130.  Plants  and  animals  in  the  course  of  their  gen  rations 
are  ch  nged  and  molded  to  meet  the  requirements  of  their 
existence,  and  the  individuals  and  types  best  adapted  to 
their  li f e situations  re  the  ones  that  survive. 

Evolutionary  levels  sent 

131*  The  parasite-host  r@latlou.shi  is  usually  specific 
and  requires  not  only  mar  ed  ad: station  of  the  jarssite  but 
often  also  an  adjustment  on  the  part  of  the  host, 

Non-green  plants  get  food 
h:=cteriol  ogy 

132.  The  nucleus  of  a cell  always  contains  complex  of 
protein  materials,  chromatin,  the  specialized  vehicle  hich 
tit.  ; salts  her  edits  y ch  racier  a in  organisms. 

Heredity 
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ljg.  The  number  of  chromoso  ■ e~  in  the  sonetic  '-ell  s of  all 
the  Individuals  of  a species  ii  a const i- at;  except  in 
I chimeras,  gy handr oaorph s , etc. 

Heredity  and  variation 

I 

194*  One  of  the  most  ^constant”  e. tures  of  natural 
ihcnemena  la  variability # hut  variability  is  always  within 
deflated  limits* 

Heredity  and  variation 

195*  Each  formation  of  sedimentary  rock  has  its  peculiar 
assemblage  of  fossils  an!  there  is  a definite  relation 
between  the  fossils  found  in  rocks  end  the  position  of 
these  roc  s in  ' h«  geologic  time-table, 

voluti  mhr,  development 

196*  Living  things,  even  of  the  s me  kind,  are  never 
exactly  • like,  not  even  vaith  re  y rd  to  single  traits 
(c naracterist  cs)  such  as  color  or  shape* 

Heredity  an  variation 

137.  Tie  distinctive  properties  of  organisms  defend  n on 
the  complexity  of  the  molecular  or  e-  nlsation  of  >roto olasm, 
t.hw  o r:  ‘sseriti&l  constituent  of  every  living  thing. 

Protoplasm 

193.  Genes  that  lie  in  thr  same  chromosome  tend  to  remain 
together  in  reduction  so  that  the  characters  which  they 
determine  ace  linked  in  inheritance. 

Heredity  and  variation 

199.  For  most  s-jecles  of  or  cent  sms  periods  of  groat  scarc- 
ity o Individ  ;als  alternate  "1 1- v waves'  oi  great  abundance, 
and  the  nears  of  the  raves  succeed  one  • other  in  a regular 
) cycle. 

Conflicts  of  life 

fOO.  iscor.tinuoi  a rides -r  red  distribution  i.«  char  net  er- 
istic of  old  groans  of  animals  a ad  means  that,  they  formerly 
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Evolutionary  development 

201.  The  bodies  of  moot  animals  exhibit  some  decree  of 
syra  etry,  eithe  snherlccl,  radial,  or  bilateral^ 

Ad'  fcatioas  and  interrelations  of  life 

102.  The  separation  of  homologous  chro-aosoaes  at  reduction 
division  in  the  germ  cell  is  a matter  of  eh&nc- , the 
. q '•oration  in  any  one  pair  occurs  absolutely  without 
reference  to  what  had  occurred  In  any  other  pair  in  the 

ceil. 

Heredity  and  variation 

205.  During  the  process  of  ,-atur  ion  in  an  eyg  or  "’perm 
corresponding  .sternal  and  paternal  chronosorr.es  v 1th  their 
genes,  go  to  Iff ©rent  cells  in  the  e notion  civ i. ion  so 
that  each  secondary  oocyte  or  spermatocyte  receives  cue, 
but  not  bon,  of  these  chrome somes  with  Its  genes. 

Heredity  and  variation 

204.  The  physical  nd  chemical  pro  erti.es  of  plant  and 
animal  ,roto  l&sa  are  similar. 

Proto  lasa 

205.  The  history  of  oryani  sas  shows  tart  evolution  a ad. 
race  divergence  ..as  been  the  result  of  mav-  ti  as. 

Evo i ti  ?•  nary  c ©v eio  jae.it 

206.  All  plant..,  and  a f rev  simple  uni  mala  are  bl  to 
recombine  nitrogenous  by-pro-  acta  of  res* pi  rot  ion  into 
proteins  rc-.;ynt:.e  1 .-lag  them,  anew  with  carbohydrate 

iaolec  ales. 

Plant  nutrition 

207.  ossillsation  is  the  fate  of  v ry  . e>  animals  n 
plants.  The  greet  major! t„  of  deed  things  simply  decay  and 
disap  e-  r and  then  material  ‘toe  them  is  r turned  to  the 
general  circulation  of  nature  to  be  cull-  u i .to  the 
bodies  of  not  organisms. 

oriaacion  ana  com, position  of  the  soil 
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9iolO:;icel  cheni 3 try  and  Physics 
Evolutions  ry  develo  ment 

20 B.  The  life  history  of  the  indivi  :vn  1 tends  to 
recapitulate  the  history  of  the  race# 

Fvolutionar;  develo  ment 
S&brj ology  and  ;ro*th 

209.  . exusl  anion  in  sots  nd  animals  affords  a method 
o variation  du  to  the  mixing  of  different  proto  ins  h. 

Heredity  and  variation 

210,  Carbon  and  nitroaen  are  the  basic  eler.  nts  in  the 
proto  -'iasmic  compounds. 

Biological  chemistry  and  .physics 

211.  nil  living  things  die,  but  life  emtin  ea  from  age 
to  age. 

Vhat  is  life? 

reproduction 

212,  Inbreeding  in  ani  sis  or  plants  res- Its  i c uniform 
strain. 

Heredity  and  variation 
Breeding 

21c.  Plants  and  animals  utilise  s -nilar  food  sc  stances* 
but  they  are  obtained  In  differ®  t ways. 

Food  getting  adfc  stations 

21 i.  The  more  highly  specialised  a • organism  is  the  more 
likely  it  is  to  been -e  ezti.net  if  its  environment  changes* 

Evolutionary  aevoio  naent 

21,.  Aniaala  of  diverse  rigin  living  eraong  s!  liar 
s .srroua&ittgs  tend  to  become,  at  leant  su  erf  ' rich  ly,  like 
£ v they  often  develop  arts  that  have  the  sn  e function* 

idaptations  tnu  interrelations  of  life 
i volirtio:  r;.  develo  nent 
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216*  In  e cro:.  of  the  F . generation  of  hybrids  the  ernes 
which  det  rmlrc  'be  c-  : : etc  j re  segregated  in  lie  gan.etfS 
so  that  & certain  percent  of  the  offs  ring  nos  a nr  the 
dotal  nan  t character  alone,  a certain  uereent  the  rece.  sive 
character  alone,  file  a certain  a r cent  are  rain  hybri :: 
in  nature. 

Heredity  end  variation 

£17.  Similarities  in  the  embryo  Ionic  l dm-volo:  at  of 

organisms  shov;  hereditary  relationships  betveen  t.nese 
organises  and  the  closer  two  s >ecles  are  related  the 
longer  t o>  oar lei  one  anotier  in  dev elo  iseo.t. 

Embryology  and  growth 

218*  In  the  m 1 oration  of  the  se  cells  at  the  ^airing  of 
the  chrcmosmaes,  except  for  the  single  se>  chro*-. osor.es  in 
some  organisms,  the  two  enber::  of  each  ndr  core  originally 

i » 

Reproduction  and  heredity 

219.  Bex  is  inherited;  it  f allows  s given  di s " ribmtion 
of  tie  clremos  es  acce-  - ding  to  defir  it*  Mendelian  r tios. 

heredity  and  variation 

r£0.  In  cells  the  fundamental  proces  es  of  foo  intake, 
digestion,  regeneration  of  lost  structures  an*7  survival 
are  controller  by  the  nucleus* 

The  cell  and  col  theory 

221.  Th«-  ol  er  layers  of  rocks  c-  vitr  i n for^s  vhich  #re 
extremely  unlike  the  no  living  ■ In  Is  ; nd  Ints,  mile 
the  mure  recent  ayerm  contain  types  sore  si nil  r to  our 
carter;  or:  *y  ones. 

Evoluti  -nary  development 

222.  The  fact  of  primary  importance  in  the  history  of  life 
displayed  by  the  geo  l mi  cal  *erio  's  Is  the  orderly 

s uecec -ion  of  living  forms. 

Evolutionary  develo  ment 

223.  The  memoers  cr  .:./  . ecies  m-  end,  on  the  one  hand. 
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u.  on  .Its  rate  of  re 'rev  action  and  row!  b,  , n on  the  other, 
upon  its  death-rate  front  accident # ene.ips  ■ nd  dise-  :>e. 

Conflicts  of  life 

C4.  Evolutionary  relstionahi  -v  in  org-  ni  .a  ..  are  formulated 
on  the  basis  of  structural  simi.i.  rity* 

Evolutions ry  development . 

226,  V.ost  oi  the  species  of  • .:em  animals  are  relatively 
recent  origin  nrving  evolved  from  others  in  the  aasfe  and 
probably  c ltinuin";  to  evolve  ;<to  other  sorcies  of  animals* 

* "volition ary  develo  menfc 

£26.  Isolation  of  a piece  of  lan  or  l body  of  rater  from 
the  re  at  of  l.e  world  - iw&ys  -er&its  Its  ani  al  e-.d  plant 
inhabitants  to  evolve  a Ion  their  o'  n peculiar  lines  and 
each  race  involved  tends  to  become  more  uniform* 

Evolution**  develo  merit 

£&7*  Growth  and  development  in  or anises  is  essentially  a 
cell  ole r phenomenon,  a direct  result  of  mitotic  cell 
division,  and  it  is  always  controlled  by  the  axi&te 

organic  tion  of  the  cell. 

The  cell  and  cell  theory 
Embryology  and  growth 

S2S#  . ome  of  the  differences  between  rel  ted  groups  and 
organisms  separated  by  a geogra  >blc3.1  barrier  are  due  to 
a da  tive  res pons  -s  to  slightly  di  ferenfc  environmental 

fa ctors. 

F vol ut 1 ona ry  <5 evo lo  ament 

£“VJ*  The  poner  of  livin  things  to  change  is  definitely 
restricted,  specialisation  re  -ones  he  li.  i of  efficency 
pr;  scribed  by  mechanic ••  1 or  chemical  lavs* 

Adaptations  an’  interrelations  of  life 

930*  In  animals  certain  w&  be  prod  cts  as  ell  as  vita  iln 

bi«iH  ^ »■»*•’»  •*n:‘  '■vof  *•  ^pmVJ  r.f  • y»i»  f f>T\  the 

activities  of  various  organs  in  the  body. 
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The  unity  or  a living  nism 
{ • I.  utl  fciOJ 

r inr’iv*  • :::  ,>r  r less  rC  he re  ''t  ry  v ri  ‘To  'S, 

^ : . * re:  Ity  a n a v . r 1 t i .• n 

C2f . \ hen  anabolism  exceeds  r&t& bolls:,,  3 it  does  in  11 

j o ung  aniraa  1 s gr  '>c  tb  i s 1 nev  i t c- b 1 ■ , 

Embryology  : nd  ...rofcth 
Metabolism  end  nutrition 

£2?*  The-  action  of  "organizers*  (;  robably  chemical  in 
character)  pro due eh  in  the  developing  essbryo  causes  the 
levels  i egg*  ah:  ch  at  first  acts  ns  a h >le,  * to 
produce  soeciaiised  -.arts  which  develop  ln£epend  ntly# 

Embryology  and  growth 


£24*  The  mount  of  oxygen  token  into  the  body  of  an 
organism  and  absorbed  ay  the  cell*'  is  derec My  ro  nrtion- 
al  to  the  amount  of  energy  rele  sod  in  the  bo  y, 

Metabolism  end  nutrition 
hespir..  tion 

£Sf>.  The  energy  of  solar  radiation  is  continually  working 
changes  in  the  surface  of  the  earth  and  the  atmosphere 
surrounding  the  earth;  all  lire  on  the  e irth  is  affected 
direct!}  or  indirectly  by  these  changes. 

Ads  stations  n.  inter~el*.t.ions  of  life 

2S8*  Cells  within  ah  organism  arc-  depen  ’ nt  upon  their 
environment  as  .veil  as  their  genes,  in  the  process  of  be- 
coming uh,.h  fiey  finally  become. 

heredity  and  v ri: tion 

\ 

in  previously  existing  kinds. 

eredity  an'  variation 
Evolutio -u ry  development 
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Z:ZB*  The  most  primitive  and  si  plesc  forms  • •'  life  exist 
I hc  ; i . 1 1 ■ yoi  ( ■ 

y unger  roe  3 -e present  higher  and  higher  forms. 

F.volut i o n a ry  dev eio  ® e: it 

'■  ?9 • Conan*  ' tali s.r  sually  evolves,  ot  in  the  direction  of 
mutualism,  but  towards  in  sitisaa, 

Xnterde  -endfev  e of  li  :> 

f 40 • The  nature  of  the  response  • de  v . cell  to  a 
stimulus  is  determined  by  the  nature  of  the  responding 
protoplasm,  *s  veil  as  by  tee  liar’  of  stimulus. 

Sens! t i vi ty  and.  rep; wonse 

£41.  Tne  distribution  of  any  rou-  of  .'Und  animal  a ill 
dr  pend  upon  three  factors:  first,  on  the  ragi  where-  the 

grot,  ;.c-  -/.enef  to  origins  fee;  second,  u on  the  connections 
vu  c;  fra 3 region  then  cad  icier  happened  to  have  with 
other  land  masses;  snd  third,  upon  the  fate  o th~  group 
In  the  different  regions  to  which  It  obtained  access* 

Evolut i o nary  dev  el o . vaent 

24.2*  Change  In  the  n labors  of  or  ,;  nisras  in  com  unities 
may  b r rapid  even  thoug-n  the  environmental  conll-.i  :>ns 
an  • 'treat ly  alter  slowly  and  •;  & dually. 

Aciptetlons  and  i .terrel'  lions  of  life 

42.  In  organisms  inhabiting  -l viler  environment a 

evo  ition  -.an  often  -reduced  convrr  e ce,  the  molding  of 
un  elate  stocks  Into  similar  ~orms  by  t e needi  of 

t eir  way  of  life. 

r volution:: ry  dev el o orient 

S-4*  In  higher  via  ts  and  in  the  lit  her  air-brect  .lag 
v rtcbrat.es  a progressive  emancipation  from  li  in  wt  ter 
and  an  ad  pt  tion  to  life  on  dry  1:  A is  traceable. 

Evolutionary  devclo  meat. 

2^b.  In  plants  the  gamete-bearing  ;huse  of  th~  life  cycle 

? * i . *.y  ..  ~ • r.v  rhr 

■—  — ■ p — — — ■—  — > VI  1 • Spt  «— * — ^ O C Jfc  *-  tA  p ■ y 1 1 ‘ . 

•reduction  division  or  urs  durln  re  format!.-,  n. 
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Reproduction 

248.  Analogous  structures  in  .Ian- s and  animals  serve  to 
curry  on  similar  functions  it  are  sot  similar  in  basic 
plan  or  mode  of  origin. 

Adaptations  and  inte '-relations  of  life 
Evol ut ionary  development 

217.  Similarity  between  organism..;  sugge  to  co  non  ancestry? 
the  nature  of  the  differences  between  thea  indicates  which 

is  the  more  primitive  type# 

Evolutionary  develo  )ment 

248.  Tne  earth* s position  in  rel;  tion  to  the  s n Is  a 
det  raining  factor  of  life  o the  earth. 

Limitations  of  life 

249.  Pluctu?  ting  variations  f unf.  within  a >ure  line  rre 
ot  inhe  ited,  and  cannot  change  the  char. c er  of  the 

offs  ring  permanently. 

Heredity  and  variation 

250.  The  ’-re;  e .t  v rlety  in  living  forms  has  resulted  from 
the  modif ic  tion  throu  h long  periods  of  time  of  si a ler  and 
less  varied  ancestral  ty  es,  and  by  de  ener&tion  in  m&  y 
grou  s of  organisms  from  mor  complex  or  anlsaa. 

E vol ution&ry  d evel o m *©nt 

251.  The  first  forma  of  life  were  alto get  @r  inde  endent, 
but  evol  tion  has  result  d in  the  g neral  interdependence 

of  or  anisms. 

Interdependence  of  life 

212.  The  heredity  of  an  individual  orgaais  produced  by 
sexual  means  is  determined  by  what  occur.-,  to  the  c romosomes 
in  the  reduction  division  in  maturati  m and  In  fertilisation. 

Heredity  and  variation 

25  o.  Reversion  occurs  nly  when  dir  ere  rt  varieties  of 
of  'lants  or  animals  • e c os  si,  never  in  genetically 
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pure  stock* 

Heredity  and  variation 
Breeding 

254*  The  greater  the  distance  two  g ncs  lie  a -art  in  the 
chromosome  the  acre  often  they  separate  and  cro.  over  when 
a chromosome  fragments  end  ->art  of  it  adheres  to  another 

car  3tnoso  e. 

Heredity  an  varlati  >n 

£55.  The  colloidal  nature  of  the  cell  ;$&■<  ; rial  i s a whole 
furnishes  the  basis cf  sorae  of  the  fundamental  life  -recess#  a. 

Protoplasm 

256.  In  cells  a quant  it  tivc  r client  in  -et  cholic  r.  te 
runs  from  the  apical  to  the  basal  ole  of  the  cell,  an 
the  v-rions  formed  c m -orients  of  - he  cell  are  i r -anged  in 

definite  relation  to  the  gr* dlent. 

The  cell  and  cell  theory 

257.  Hybridization  gives  variation,  isolation  lives 
fixation,  and  fix  ti  n gives  s -eel  tion. 

Heredity  and  variation 
Breeding 

258.  As  nature  rogres. e<  in  the  reduction  of  new  forms, 
nev  potentialities  were  also  added. 

Tvolutio ns  ry  deveio potent 

259.  In  omiy hybrid  crossings  (Fg  indivi ■'■•■is  dth  two  o* 
more  pairs  of  hereditary  characters)  all  ooa  ible 
combinations  of  the  oarent&l  caaract  rs  are  shown  in 

characteristic  r tios. 

Heredity  and  variation 

260.  In  fossilizati  , it  is  usually  the  hard  parts  of 
organisms  that  are  ^reserved. 

vol ut ionary  development 
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281,  la  fertilis-  tioa  in  most  tis  xual  organisms,  the  egg 
contributes  half  the  specific  number  of  chromosomes  to  the 
zygote  as  doe  also  the  sperm* 


.e  reduction 
Heredity  and  variation 

232.  All  iidviduals  of  a unicellular  species,  except  a 
sexual  soecies,  contain  t e same  or  “simil  r sets”  of 
Chromosomes. 

Heredity  an*  variation 

26&.  In  most  organisms,  largo  s!,:e  is  acco  -panie  y 
tissue  di  f er ntiation  and  special  organs  for  different 
.1  ids  of  wor&. 

Adaptations  and  interrelations  of  life 

264.  There  are  no  living  chemical  c moounds;  life  is  a 
property  of  toe  coordli&ted  association  of  the  different 
organic  and  inorganic  subst  nces  vhich  make  u s protoplasm. 

ffh&t  is  life? 

Protoplasm 

265.  Turgor  in  ceils  is  Int aimed  by  osmotic  pr^ssure| 

cell  membranes  nr©  semi-p  r cable  with  respect  to  water 
and  the  substances  din  so  ve  in  it,  and  the  co  cent ration 
of  salts  is  higher  within  the  cell  th-  :i  outside,  the 
entrance  of  v,  tor  into  the  cell  is  accomplished  mainly 

by  osmosis. 

Biological  che  ilstry  and  ohysics 

266.  Gif  soring  -'roduccd  asexu  lly  are  c.  imost  always  like 
the  parent}  they  will  h-ve  exactl  the  same  chromosomes 
and  the  same  gene  complex* 

Here  ity  and  variation 

237.  In  the  vast  majority  of  organisms  it  is  fch<  n le  oho 
has  th.  un symmetrical  chronoso: n com  lenie  t,  and  the  sperms 
therefore  are  the  decisive  b e1;  tors  either  of  males  or 
o f c:.  les. 


Heredity  and  variation 


T iSLl  II  (C  . n.t  j.  . ) 


ICS 


286,  In  the  water,  free  swim  ing  >rganlsr3S  ure  very  ii  :ht 
because  their  s/ecific  gravity  is  only  slightly  greater  than 
that  of  the  medium  in  which  they  live. 

./lactations  ; n interrelations  of  life 

289.  In  photosynthesis,  the  energy  o'  sunli  ht  is  used  to 
lift  the  carbon  to  an  energy  level  f row  which,  as  it 
descends,  it  furnishes  the  energy  for  the  building  of 
many  cos  nun  s and  for  the  c rrying  on  o life  recesses. 

;5hotosynthesi  s 

270.  Adult  /; 

but  which  show  fund:  mental  'similarities  in  emcryological 
develo  taent  have  ori  inated  fro i si  liar  ancestors. 

Evolutionary  ciev-lo  numt 
Embryology  and  growth 

271.  ’lone  of  the  materials  present  in  living  protoplasm 
leave  it  when  death  ensues,  for  a given  bit  of  protoplasm 
wei  ;hs  exactly  the  same  after  death  as  when  alive. 

Vhat  is  life? 

Protoplasm 

272.  The  smaller  an  organise!,  the  greater  is  the  proportion 
of  its  surface  to  Its  weight,  since  sur  ••■c<?  lacrosses  as  the 
square  of  its  length,  weight  as  its  cube. 

Biological  chemistry  j nd  physics 

273.  No  relation  exists  but  een  the  common  origin  of 

c .romo somes  from  the  same  g mete  and  their  later  distribu- 
tion durinp  chromosome  reduction.  Chance  alone  seems  to 
determine  how  the  chromosomes  are  distributed. 

Heredity  and  variation 

274.  New  species  of  plants  and  animals  appear  at  some 
definite  point  on  he  earth  and  then  spread  out  fro  that 
location  as  a center. 

Limitations  of  li  e 

275.  The  nutritional  rocesses  of  di  rerent  clas  e of 
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organisms  supplement  ei:  ch  ther  in  such  a timer  that,  they 
result  In  a nutritional  balance  among  living  things. 

Adaptations  a id  interrelations  of  life 

276.  It  is  indispensable  to  succe  ful  parasitic  existence 
that  the  .iy  iotic  rei:i'i  nshi  be  so  - ij  sted  that  acahs 
are  provided  for  the  escape  of  the  parasites  or  their 
offspring  in  order  that  nev  generations  in  new  hosts  may 

obtain. 


Iaterde * ends nee  of  life 
Non-green  Hants  get  food 

277.  An  add  tive  character  may  give  its  possess  m:  a 
■ nfin  te  advantage  over  other  lenbers  of  the  s eeies,  and 
so  in  the  course  of  genera’ ions,  due  to  tne  elimination  of 
the  non-nosse  sore  of  this  char-  c t ' , and  of  the  conferring 
of  this  character  upon  others  by  heredity  ec  use  a 
ch-  racter  of  all  the  somber a of  the  species. 

! volutionary  development 

378.  The-  se>:  chromosome  mry  cc  ry  the  genes  for  t number  of 
charact  rc  otv*  ta  - aters  are  linked* 

Heredity  and  variation 

279.  Throughout  the  organic  world  tee  is  cyclic 
relation  between  death  and  he  continue  .ce  of  organic  life. 

Limitations  of  life 
Beyroduction 

£60.  The  orderliness  of  the  life  r -cess  s of  an  rganism 
is  not  an  isolated  orderliness,  but  one  aspect  of  the 
orderliness  of  the  universe. 

Biological  chemistry  and  physic 

281.  Many  hereditary  characters  are  subject  to  non-genetic 
or  environ  ental  variation  in  express!  n. 

Heredity  and  variation 

282.  When  a large  thickness  f roc  s shows  every  evidence 
of  having  be  .id  down  stead.:.  • n c t :v.  - siy,  y^ar 
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after  year.  It  may  well  ch  nge  it  a character.  If  it  changes 
its  char  act  r,  the  charact  r of  the  a aim  Is  r,n  plan’ s r/hi  ©h 

live  on  it  will  change  too* 

Adaptations  end  interrelations  of  life 

262.  All  heritable  v rlations  which  ar*  not  the  resu  t o 
recoa.  inatlona  of  ,/  :es  are  mutations,  which  re  changes 

in  genes,  in  so me  cases  induced  by  environmental  agents. 

Heredity  and  variation 

284*  Organise*  .hi eh  nave  no  a ©a  ns  of  reproduction  other 
than  asexual  show  werj  little  v .rlatlon* 

L.eredity  and  variation 

265*  All  cells  contain  a tolytic  anzy  op  th  * at  d ath 
are  capable  of  reducing  digest  ve  changes  "hid  result 
in  the  final  dislntegr  tion  of  the  bo  y* 

The  cel  . and  cell  theory 

286*  The*  difference  in  motion  and  location  between  animals 
and  plants  is  one  of  degree. 

Adaptations  and  inter- el  .tions  of  life 

267*  :<!aay  of  the  recesses  of  change  in  the  universe  are 

rhythmic,  r periodic,  and  life  processes  constitute  no 

exception  to  the  rule. 

Biological  chemistry  and  physics 

288*  Animals  and  plants  lacking  some  means  of  mechanical 
sup  ort  are  debarred  from  terrestrial  life. 

Ada  tations  sad  Interrelations  of  life 

263.  Individual!  y in  an  organism  is  maintained  t r u shout 
life  in  3 ite  of  the  fact  that  the  actual  c.  eatlcal  constitu- 
tion of  the  living  subst  nee  cor.  -osin  : it  is  constantly 

chan  ing. 

What  is  life? 

Proto  jlasm 
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230.  The  crises  of  evoluti  *n  when  they  occur  'ire  not  crises 
of  variation  but  of  selection  and  elimination;  not  s' range 
births  but  selective  massacres.  The  germ  lasm.h&s  gone 
on  throwing  up  mutatio:  s at  about  the  same  rate  age  fter 

age* 

Evolutionary  develo  sent 

291*  Most  regions  that  are  surra  cled  r-y  b rriers  a e 
devoid,  of  a very  great  variety  of  species  of  animals  or 
)la  its.  However,  the  larger  the  area  isolat  'd,  the  greater 

the  variety  of  forms* 

Li  itstions  of  life 

292.  hater  living  organisms  c.o  not  .c-ely  dilute  their 
weight  but  counts  act  it  by  accumulating  lighter  substances 

inside  themselves. 

Adaptations  and  i iter r el  * ions  of  life 

295.  During  the  main  evolution  of  ?■  ;v  sto<-&,  or  e eh 
ty  -e  of  organism  that  lives  on  to  be  ancestral  to  the 
next  felon  ary  phase,  there  are  considerable  numbers 

thrown  off  to  live  a few  ’ ens  of  thousands  of  ye  rs  arid 
die  without  descendants. 

Evolu t i o na ry  devel o >ment 

294.  Many  of  the  rhythmic  changes  of  > otoplaam  such 
s ciliary  action,  heartbeat,  rid  rhythmic  processes  in 
ceil  division  are  based  u an  reversible  changes  in  the 
colloidal  state. 

Protoplasm 

The  cell  and  cell  theory 
Biological  chemistry  and  physics 

235.  iny  hereditary  ban  e that  folio  s t e laws  of 
Mendel inn  heredity  is  due  to  a gene  mutation. 

heredity  and  variation 

236.  In  plants  and  animals  subject  to  partheno p netic 
dovelo  aent  (d  velo  -neat  from  unfertilised  germinal  cells) 
reduction  of  chromosomes  do- s not  occur. 

Reproduction 
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297.  In  general,  the  extent  of  a response  is  rather 
definitely  fixed  for  a given  cell.  If  a cell  responds  at 

all,  it  does  so  to  its  full  capacity. 

The  cell  and  cell  theory 

2S8.  Life  and  protoplasm  in  a cell  will  remain  indissolubly 
associated  for  an  indefinite  period  of  time  unless  the  cell 
suffers  an  accident,  or  becomes  diseased,  or  is  unable  to 
throw  off  the  toxic  waste  substances  that  accumulate  with 
age  as  a result  of  normal  metabolism* 

The  cell  and  cell  theory 

Protoplasm 

What  is  life? 

293.  The  greater  the  period  that  has  elapsed  since  two 
stocks  diverged,  the  greater  the  difference  in  the  terminal 
products* 

Evolutionary  development 

300.  The  embryos  of  different  animals,  in  addition  to 
being  more  like  each  other  as  development  is  traced  back- 
ward; show  also  a vviuening  contrast  with  their  parents 
and  their  adult  destiny* 

Embryology  and  growth 


Findings.  Three  hundred  ninety-seven  assignments  of 
39  different  subject-matter  topics  were  defensibly  made  to 
300  biological  principles  and  were,  therefore*  deemed  to  be 
suitable  for  use  to  develop  an  understanding  of  the  prin- 
ciples. At  least  one  topic  was  assigned  to  each  of  the 
300  principles.  One  principle  had  only  6 topics  assigned 
to  it;  15  each  had  only  3 topics;  58  each  had  only  2 
topics;  and  the  remaining  226  of  the  300  principles  esch 
had  only  1 topic. 


CHAPTER  XV 


SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 
Statement  of  the  Problem 

The  purpose  of  the  investigation  is  (l)  to  compile 
a composite  outline  of  the  subject-matter  topics  found 
in  five  textbooks  of  biology  for  high  school,  and  (s) 
to  assign  to  biological  principles  those  topics  which  a 
study  of  should  contribute  to  the  development  of  an 
understanding  of  the  principles. 

Method  Used 

In  the  first  part  of  the  investigation,  the 
subject-matter  topics  (chapter,  center,  and  paragra  h 
headings)  from  five  high-school  textbooks  of  biolopy 
were  arranged  in  a composite  outline.  This  was  accom- 
plished by  first  making  separate  outlines  containing 
all  the  topics  from  each  book,  and  then  consolidating 
the  five  outlines  into  one  which  contained  all  topics 
from  all  five  books.  The  resultant  composite  outline 
was  then  submitted  to  a jury  of  three  subject-matter 
specialists  in  the  field  of  biology  for  validation. 

This  list  is  reproduced  in  Table  I of  this  report. 

In  the  second  part  of  the  investigation,  the  major 
topics  in  the  composite  outline  were  assigned  to 
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biological  principles.  Those  topics  which,  in  the 
investigator’s  opinion,  might  be  reasonably  expected  to 
contribute  to  the  understanding  of  a principle  v/ere 
assigned  to  that  principle.  The  assignments  of  topics  to 
principles  '-ere  validated  by  submission  to  a jury  of  three 
specialists  in  the  field  of  biology.  The  list  of  prin- 
ciples follo7/ed  by  the  topics  which  were  assigned  to  them 
is  reproduced  as  Table  II  of  this  report. 

Summary  of  Findings 

In  the  five  textbooks,  2,078  sub ject-matter  topics 
were  found.  Of  73  major  topics  as  found  in  all  of  the 
books  analyzed,  38,  or  52  percent,  were  present  in  each 
of  the  five  textbooks.  In  the  second  part  of  the 
investigation,  38  different  subject-matter  topics  (not 
the  seme  38  as  above)  of  the  73  major  topics  were  given 
337  assignments  to  300  biological  principles.  At  least 
one  topic  was  assigned  to  each  of  the  300  principles. 

Two  hundred  twenty-six  of  the  300  principles  were  each 
assigned  only  one  topic;  58  principles  only  2 topics; 

15  only  3;  and  1 only  6. 
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Conclusions 

It  would  seem  from  the  findings  in  this  investigation 
that  the  textbooks,  in  spite  of  their  diversified  content, 
include  matert  Is  which,  if  properly  handled,  might  well 
be  used  to  develop  understandings  of  the  principles  of 
biology*  The  bulk  of  the  material  in  any  one  book, 
however,  is  by  no  means  contributory  to  the  development 
of  understandings  of  generalisations*  It  also  becomes 
apparent  that,  if  a course  is  to  be  given  with  the  intent 
of  stressing  biologic' 1 principles,  no  one  textbook  could 
be  considered  to  contain  sufficent  Instructional  material. 
Though  there  seems  to  be  a tendency  to  give  some  attention 
to  principles,  of  the  books  investigated  none  could  be 
said  to  be  built  around,  or  even  to  stress  biological 
principles. 

Recommendations 

Though  the  recoimnendation  that  a textbook  be  built 
around  principles  is  hardly  novel,  it  is  the  belief  of 
this  investig  tor  that,  with  considerable  work  having 
been  recently  done  on  the  formulation  of  principles  of 
biology,  such  a book  should  not  be  too  difficult  of 
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APPENDIX 


A LIST  OF  THE  TOPICS  WHICH  COULD  NOT  BE 
ASSIGNED  hi  THE  INVESTIGATOR  TO  A 
BIOLOGICAL  PRINCIPLE 

Science  of  Biology  - living  things 
Biology  - study  of  life 
Builders  of  biology 

Science  - to  obtain  and  test  knowledge 
Uses  of  Biology 

Pleasure  and  orofit  from  biology 
Biology  a preparation  fop  vocations 
Springtime  biology 
Bird  activities 
Y/ater  activities 
Insects  of  spring 
Freshwater  plants  of  springtime 
Spring  flowers 
Plants  and  plant  activities 
Historical  notes 
Plant  roots 

Weeds  - nuisance  plants 
Seeds  in  industry 
The  soil  and  conservation 
Control  of  pests 
Wildlife  c tnservati on 
Mechanics  of  biology 
Reproduction  and  heredity 
Human  inheritance 
Body  systems  and  functions 
The  integument 

behavior,  sensitivity  and  response 
Health  and  sickness 

Health  on  a national  sc-  le 
First  aid 

Health  a personal  matter 
General,  plant  and  animal 
Plants 
Animals 


% 


■ 


' 


■ 


. 


■ 


» 

> 


s 

Date  Due 

OCT  1.  5 1 

952 

HFP  1 

1QR0 

NOV  4 

1952 

Utb  1 

1“04 

a ntfYi  9-  1 

1951 

r ,(  i *// 

19531 

'/Ui  $ \ 

h , J 

'M*.* 

1354  , 

p ihy 

i A , J 

i , {/(.LA 

WAR 

Ann  ° 

CJ  UOt 

o ■tto 

th.i'i 

, / /'  ->x> 

MUU  >~ 

5 ’ ' 1 -1  " 

, 1955 

JUt  s 0 

- 

b 1957 

-X,  < ^ r_ 

[AL'G  : 

- o o5?- 

MSG 

h $59 

"1 

/ 

JAN  9 

I960! 

/ 

Wc~ 

tl  1$f}? 

/ 

Q0T 

nm 

/ 

Demco  2913-5 

/ 

